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Applicant: Ionel D. Jitaru : Examiner: Riley, Shawn 

Serial No.: 10/509,983 : Art Unit: 2838 

Filed: April 21, 2005 : 

Title: METHOD AND APPARATUS FOR CONTROLLING A 

SYNCHRONOUS RECTIFIER 



APPELLANT'S CORRECTED AND RESUBMITTED APPEAL BRIEF 

This is Appellant's Brief on Appeal pursuant to 35 U.S.C. § 134(a). The following 
sections of this Brief are the items set forth in 37 C.F.R. § 41.37(c). 

Real Party in Interest (37 C.F.R. § 41.37(c) (1) (i)) 

DET International Holding Limited, a Cayman Islands corporation and assignee of the 
inventor Ionel D. Jitaru, is the real party in interest. 

Related Appeals and Interferences (37 C.F.R 41.37(c) (1) (iiV) 

There are no related appeals or interferences. Presently pending is Appellant's Petition to 
the Director of the U.S. Patent and Trademark Office requesting reversal of a restriction 
requirement and the withdrawal of claims 18-30 from examination, and requesting the 
withdrawal of the making "final" of the Official Action of June 27, 2007. 

Status of Claims (37 C.F.R. $ 41.37(c) (1) (iii)) 

Claims 1 - 8, 10 - 13 and 15 - 30 - rejected. 

Claims 9 and 14 - cancelled. 

Claims 1 8 - 30 - withdrawn. 
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Claims 1 - 8, 10 - 13 and 15 - 30 are present in this application. Claims 18-30 stand 
withdrawn by the examiner. Claims 1-8, 10-13 and 15 - 17, are the claims on appeal. These 
are all of the claims not withdrawn from examination in this application. Each of claims 1 - 8, 
10-13 and 15 - 17 are under final rejection. The claims on appeal are appended at Appendix A. 

Status of Amendments (37 C.F.R. $ 41.37(c) CD (iv)) 

There has been no amendment of the application subsequent to the final rejection dated 
June 27, 2007. 

Summary of Claimed Subject Matter (37 C.F.R. § 41.37(c) (1) (v)) 

The independent claims involved here are claims 1 and 15. without limiting the 
interpretation of the claims to the specific elements of any exemplary embodiment described in 
the specification, the following explains the independent claims' subject matter with reference to 
the specification and drawing figures. 

Claim 1 

Independent claim 1 is directed to "a power converter for supplying an output power to a 
load." Figs. 6a and b depict one of several exemplary embodiments of such a converter 
described and illustrated in this application. See the brief description of Figs. 6a and b, page 6, 
lines 22 and 23, and see page 9, line 24. 

The converter of claim 1 has "a switching device," such as the synchronous rectifier SR 
of Fig. 6a, page 9, line 29 - page 10, line 1. 

The switching device claimed has "a switching input, a switching output, and a control 
input for enabling or disabling said switching device from conducting current from said 
switching input to said switching output." In Fig. 6a current input to the synchronous rectifier 
Isr is shown and an output connection to the winding L2 of the transformer T is shown and a 
"control input" is shown connected to the control circuit "CC." The signal Vc-SR enables and 
disables the conduction of the current ISR through the switch as illustrated in Figs. 7e and 7F, 
page 10, line 27 - page 11, line 2. 
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The converter of claim 1 has "a network wherein said switching device input, said 
switching device output, and the load are connected together in a circuit. " In Fig. 6a, the 
network includes the synchronous rectifier SR input and output as described above the load Rl, 
the capacitor C, the Schottky diode D and the secondary winding L 2 . Page 9, line 27 - page 10, 
line 10. 

As called for in claim 1, the Fig. 6a exemplary embodiment has, at Lb, "a bias winding in 
said circuit for producing a bias voltage," such as Vb. Page 10, lines 10 and 11, page 13, lines 7 
-8, 19-27. 

Finally, claim 1 calls for "a control circuit for (a) determining the rate of change of said 
bias voltage, (b) characterizing said rate of change, and (c) controlling said control input as a 
result of the characterization (b)." In the Fig. 6a embodiment, the control circuit is shown at CC. 
Page 10, lines 1-3. Fig. 8 shows an exemplary control circuit CC that provides the converter 
operation indicated graphically in the voltage and current plots in Fig. 7. Operation is explained 
at page 12, lines 3 - 29. It is pointed out that the rate of change of the secondary voltage Vsec is 
determined by comparison with a threshold voltage Vth by a comparitor 100 during a delay 
period while Vosw is low. If the secondary voltage Vsec exceeds Vth before the delay period 
ends, then the rate of change of Vsec is characterized as sufficiently high to warrant turning on 
the synchronous rectifier SR of Fig. 6a by the control signal Vc-SR generated at the output of the 
AND gate 1 10 in the Fig. 8 control circuit. Page 12, lines 16-24. If Vsec stays lower than the 
threshold voltage Vth during the delay period, then the rate of change Vsec is characterized as 
sufficiently slow to warrant not turning on the synchronous rectifier SR of Fig. 6a. Page 12, 
lines 25 - 29. As explained at page 14, lines 5-12, preferably the bias voltage Vb of the bias 
winding Lb is compared to the threshold voltage Vth rather than the full secondary voltage 
Vsec. 

Further embodiments of the invention used in various types of power converters are 
illustrated in Figs. 9a and b, described at page 19, lines 17-29, Fig. 10a, described at page 14, 
line 28 to page 16, line 20, Fig. 1 la, described at page 16, line 21 to page 17, line 25, and Fig. 
12a, described at page 17, line 26 to page 16, line 16. 

Claim 15 
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Independent claim 15 calls for: 

In a power converter, a method for supplying an output power to a load, comprising the 
steps of: 

Figs. 6a and b, the voltage and current plots of Fig. 7 and the control circuit of Fig. 8 depict the 
exemplary embodiment of a power converter and its operation in the method of independent 
claim 15. This operation is described at page 9, line 23 to page 14, line 12. The converter 
supplies power to the load Rl. Page 9, lines 27 - 29. 

The method comprises the step of "providing a power input portion/ 1 See Vin and the 
portion of the converter of Fig. 6a connected on the primary side of the transformer T, page 9, 
lines 27 - 29. 

The method of claim 1 5 includes "providing a power output portion comprising a 
switching device having a switching input, a switching output, and a control input for enabling or 
disabling said switching device from conducting current from said switching input to said 
switching output." The synchronous rectifier SR of Fig. 6a is such a switching device. Page 9, 
line 29 to page 10, line 1 . In Fig. 6a a current input to the synchronous rectifier ISR is shown, an 
output connection to the winding L2 of the transformer T is shown and a "control input is shown 
connected to the control circuit "CC." The signal Vc-SR enables and disables the conduction of 
current Isr through the switch, all as claimed in claim 15. 

As called for in claim 15, the control circuit CC of the converter of Fig. 6a provides the 
step of "determining the rate of change of said bias voltage." Fig. 8 shows an exemplary control 
circuit CC that provides the converter operation indicated as shown in Fig. 7. Operation is 
explained at page 12, lines 3 - 29. It is pointed out that the rate of change of the secondary 
voltage VSEC is determined by comparison with a threshold voltage Vth by a comparitor 100 
during a delay period while Vc-sw is low. 

The control circuit of Fig. 8 "characterizes" the "rate of change" as illustrated in Figs. 7e 
and 7f, page 10, line 27 to page 11, line 2. 

The claim 15 method further includes providing a "network wherein said switching 
device input, said switching device output, and the load are connected together in a circuit." In 
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Fig. 6a, the network includes the synchronous rectifier SR input and output as described above 
the load Rl, the capacitor C, the Schottky diode D and the secondary winding L 2 . Page 9, line 
27 to page 10, line 10. 

Claim 15 calls for "providing a bias voltage representative of the output power." As 
called for, the Fig. 6a exemplary embodiment has, at Lb, a bias winding Lb supplying a bias 
voltage Vb. Page 10, lines 10 and 1 1, page 13, lines 7 - 8, 19 - 27. 

As called for in claim 15, the control circuit CC of the converter of Fig. 6a provides the 
step of "determining the rate of change of said bias voltage." If the secondary voltage Vsec 
exceeds Vth before the delay period ends, then the rate of change of Vsec is characterized as 
sufficiently high to warrant turning on the synchronous rectifier SR of Fig. 6a by the control 
signal Vc-SR generated at the output of the AND gate 1 10 in the Fig. 8 control circuit. Page 12, 
lines 16-24. If VSEC stays lower than the threshold voltage Vth during the delay period then 
the rate of change Vsec is characterized as sufficiently slow to warrant not turning on the 
synchronous rectifier SR of Fig. 6a. Page 12, lines 25 - 29. The control circuit of Fig. 8 
"characterizes" the "rate of change" as called for in claim 15. Thus the "control input" is 
controlled "as a result of said step of characterizing" as called for in claim 15. As explained at 
page 14, line 5-12, preferably the bias voltage Vb of the bias winding Lb is compared to the 
threshold voltage Vth rather than the full secondary voltage Vsec. 

Grounds of Rejection to be Reviewed on Appeal (37 C.F.R. § 41.37(c) (1) (vi)) 

Claims 1 - 8, 10 - 13 and 15-17 stand rejected as anticipated by the U.S. patent No. 
5 J 51, 621 to Faulk dated May 26, 1998 ("the Faulk patent") under 35 U.S.C. § 102(b). the Faulk 
patent is attached for the Board's convenience at Appendix C. 
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Argument (37 C.F.R. § 41.37(c) (I) (vim 

The invention of this application relates to a switched mode power converter having, in 
its output section, a controlled switching device that is enabled when load increases, but that is 
disabled when load is light. Preferably, the switching device is a synchronous rectifier controlled 
by a control circuit that enables the synchronous rectifier in response to a rapid rate of increase 
of a bias voltage on a bias winding indicating an increasing load. The advantages of the 
apparatus and method of operation in the above fashion is set forth most succinctly at page 9, 
line 29 to page 10, line 7 of the application: 

The present invention provides the benefits of using synchronous rectifiers 
as secondary switches during normal load conditions. In addition, the 
present invention allows for the use of either parallel diodes or body diodes 
during light load conditions. The present invention protects against reverse 
current flow during light load conditions because the reverse current must 
be driven by a voltage that exceeds the diode cut-in voltage. Thus, in 
situations where two or more switch mode converters are connected in parallel 
to supply a single load and the output of one converter is at a slightly lower 
output voltage than the others, current will not flow into the lower voltage 
converter in reverse because the voltage difference would normally not be 
sufficient to overcome the diode cut-in voltage. 

Claims 1 and 1 5 Are Patentable Over the Faulk Patent 

It is axiomatic that a claim rejection for anticipation by a prior art patent under 35 U.S.C. 
§ 102(b) requires every element of the rejected claim to be found in the relied-upon prior art 
patent. Gechter v. Davidson, 116 F.3d 454, 1457, 43 U.S.P.Q (BNA) 2d 1030, 1032 (Fed. Cir. 
1997). 

The Faulk patent fails to anticipate both of claims 1 and 15 in much the same manner. 
The Faulk patent fails to disclose a control circuit that determines the rate of change of a bias 
voltage produced by a bias winding as claimed in claim 1 . Similarly the Faulk patent fails to 
disclose the step of determining the rate of change of a bias voltage representative of output 
voltage as claimed in independent method claim 15. 

The Faulk patent, attached as Appendix C, discloses a power transformer 100 with a 
master controller 144 for controlling the secondary switch 116 and a slave controller 142 for 
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controlling the primary switch 1 10. The transformer further includes auxiliary windings 136 and 
278 that are connected to the controllers. The master controller 144 monitors the zero crossing 
of the secondary current through the transistor 152 and monitors the DC input voltage Vj n 
through the auxiliary winding 136 (Faulk, col. 7, lines 55-61). 

Contrary to the invention, as claimed in independent claims 1 and 15, Faulk neither 
discloses that the control circuit determines the rate of change of the voltage of the auxiliary 
winding nor that either of the switches 110 and 1 16 is controlled in dependency of this rate of 
change. Since Faulk does not disclose at least one of the main features of the invention, the 
invention is neither anticipated by Faulk nor is it rendered obvious for one skilled in the art. 
Claims 1 and 15 should therefore be found patentable over Faulk. Claims 2 - 8 and 10-13 
depend from claims 1 and claims 16-17 depend from claim 15. They are therefore patentable 
over Faulk as well. 

In the final rejection the examiner equates Faulk's primary side switching device 1 10 to 
the switching device of claims 1 and 15. In this regard, referring to applicant's pointing out that 
the switching device 1 10 is not controlled in the above manner, in the final Official Action it is 
stated, "the drain of the MOSFET happens to be connected to the bias winding which therefore 
functions as stated in the paragraphs indicated previously." However, this is incorrect. As is 
apparent in both Figs. 1 and 3 A of Faulk the drain of the MOSFET switch 1 10 is connected to 
the primary winding 102, not to either of winding 278 or 136 that the examiner has identified as 
bias windings. 

Responding to applicant's previous explanation that Faulk's auxiliary primary winding 
278 is a part of the circuit provisions supplying power to the slave controller 142 (Fig. 3 A) and 
not a control for the switching device 110, the final Official Action states, at page 3, "278 
directly measures a ratio of the output voltage and thereby produces a bias voltage representative 
of the output power and feeds directly back into the control circuit via at least 260." But this is 
incorrect. Faulk's transistor 160 connects the primary auxiliary winding 278 to the Vcc pin of 
the integrated circuit 142. This pin is not a control pin but a power supplying pin whereby the IC 
is provided power. At col. 1 1, lines 46 - 63, Faulk states: 
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During power up, power is supplied to the slave controller 142 through bleed resistor 
268 and bleed resistor 266. The peak detector circuit 148 supplies power to the slave 
controller 142 after the slave controller 142 has powered up. The input of peak 
detector circuit 148 is connected to a primary auxiliary winding 278. A Zener diode 272 
ensures a capacitor 274 will not be discharged during the off-time of transistor 110. One 
end of auxiliary winding 278 is connected to one end of a resistor 270 and the other end 
of auxiliary winding 278 is connected to primary side ground; the other end of resistor 
270 is connected to the cathode of diode 272; the anode of diode 272 is connected to one 
end of capacitor 274, one end of a resistor 276, the anode of Zener diode 262, and the 
drain of transistor 260; the other end of capacitor 274 is connected to primary wide 
ground; the other end of resistor 276 is connected to primary side ground; and the 
cathode of Zener diode 262 is connected to the supply voltage for slave controller 142. 

This is clearly contrary to the contention in the final Official Action and makes it clear that the 
winding 278 does not provide a control function for the transistor 1 10. 

In particular then, comparing the independent claims in this application with the Faulk 

patent, claim 1 calls for: 

a bias winding in said circuit for producing a bias voltage representative of the 
output power; and 

a control circuit for (a) determining the rate of change of said bias voltage, (b) 
characterizing said rate of change, and (c) controlling said control input as a result of the 
characterization (b). 

Claim 15 calls for: 

providing a bias voltage representative of the output power; 
determining the rate of change of said bias voltage; 
characterizing said rate of change; and 

controlling said control input as a result of said step of characterizing. 

None of these provisions is taught by Faulk. The rejection of these claims 1 and 15 as 
anticipated by Faulk is in error. Reversal of this rejection at this time is in order it is respectfully 
submitted and these claims should now be allowed. 

Dependent Claim 2 

Claim 1 sets forth M a network wherein said switching device input, said switching device 
output, and the load are connected together in a circuit," and independent claim 15 is similarly 
limited. Properly construed, this circuit is also not present in the Faulk patent. (Another reason 
the Faulk patent does not anticipate claim 1 or claim 15.) With respect to this circuit, claim 2 
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clearly further differs from Faulk, placing the circuit referred to in claim 1 in the "power output 
portion" of the power converter. Any circuit of Faulk that includes the transistor 1 10, equated to 
the switching device of claim 1, is not in the output portion of Faulk's converter. It is on the 
primary or input side of Faulk's transformer 100. Claim 2, then, further differs from Faulk in this 
respect and the rejection for anticipation is in error for this reason as well as for the claim's 
dependency. The rejection should be overturned. 

Dependent Claims 3 and 4 

Dependent claims 3 and 4 stand or fall with claim 2. 
Dependent Claim 5, 6, 7, 8 and 16 

Claims 5, 6, 7 and 8, dependent from claim 1, 2, 3 and 4, respectively, further define the 
"determination" of rate of change of bias voltage of claim 1 and further define the 
"characterization" of the rate of change of claim 1, thus: 

said control circuit is adapted so that the determination (a) includes comparing 
said bias voltage at a selected time relative to a selected starting value of said bias 
voltage, and so that the characterization (b) includes comparing the change in said 
bias voltage in (a) to a reference. 

Nothing in the Faulk patent anticipates these additional limitations and claims 5, 6, 7 and 8 are 
patentable over the Faulk patent for this reason as well as by their dependence. 

For the same reason claim 16 further patentably differs from Faulk than claim 15 from 
which it depends. The rejection of claim 16 should, accordingly, be overturned. 

Dependent Claims 10, IK 12, 13 and 17 

Claims 10, 1 1, 12 and 13 stand or fall with claims 5, 6, 7 and 8, respectively, from which 
they depend. 

Dependent claim 17 stands or falls with claim 16, from which it depends. 
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Conclusion 

Because all of claims 1 - 8, 10 - 13 and 15-17 contain elements and limitations not 
present in the Faulk patent, the rejection of these claims as anticipated by Faulk is in error. That 
rejection should be reversed and these claims should now be allowed. 

Respectfully submitted, 
GALLAGHER & KENNEDY 




Date: April 4, 2008 By: Thomas D. MacBlain 

Reg. No. 24,583 
Attorney for Appellant 



Gallagher & Kennedy, P.A. 
2575 East Camelback Road 
Phoenix, AZ 85016-9225 
602-530-8088 
tdm@gknet.com 
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APPENDIX A 

Claims, 37 C.F.R. § 41.37(c) (1) (viii) 

1 . (Original) A power converter for supplying an output power to a load, 
comprising: 

a switching device having a switching input, a switching output, and a control 
input for enabling or disabling said switching device from conducting current from said 
switching input to said switching output; and 

a network wherein said switching device input, said switching device output, and 
the load are connected together in a circuit; 

a bias winding in said circuit for producing a bias voltage representative of the 
output power; and 

a control circuit for (a) determining the rate of change of said bias voltage, (b) 
characterizing said rate of change, and (c) controlling said control input as a result of the 
characterization (b). 

2. (Original) The power converter of claim 1 , further comprising a power input 
portion and a power output portion for providing said output power, wherein said circuit is in 
said power output portion. 

3. (Original) The power converter of claim 2, further comprising a connecting 
portion for coupling said power input portion to said power output portion, wherein said 
connecting portion includes an inductor as part of said power output portion, wherein said bias 
winding is coupled in series with said inductor. 

4. (Original) The power converter of claim 3, wherein said connecting portion 
includes a transformer having a primary winding as part of said power input portion and a 
secondary winding which includes said inductor. 

5. (Original) The power converter of claim 1 , wherein said control circuit is 
adapted so that the determination (a) includes comparing said bias voltage at a selected time 
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relative to a selected starting value of said bias voltage, and so that the characterization (b) 
includes comparing the change in said bias voltage in (a) to a reference. 

6. (Original) The power converter of claim 2, wherein said control circuit is 
adapted so that the determination (a) includes comparing said bias voltage at a selected time 
relative to a selected starting value of said bias voltage, and so that the characterization (b) 
includes comparing the change in said bias voltage in (a) to a reference. 

7. (Original) The power converter of claim 3, wherein said control circuit is 
adapted so that the determination (a) includes comparing said bias voltage at a selected time 
relative to a selected starting value of said bias voltage, and so that the characterization (b) 
includes comparing the change in said bias voltage in (a) to a reference. 

8. (Original) The power converter of claim 4, wherein said control circuit is 
adapted so that the determination (a) includes comparing said bias voltage at a selected time 
relative to a selected starting value of said bias voltage, and so that the characterization (b) 
includes comparing the change in said bias voltage in (a) to a reference. 

1 0. (Original) The power converter of claim 5, wherein said characterization (b) 
includes determining whether the rate of change is either high or low compared to said reference. 

1 1 . (Original) The power converter of claim 6, wherein said characterization (b) 
includes determining whether the rate of change is either high or low compared to said reference. 

12. (Original) The power converter of claim 7, wherein said characterization (b) 
includes determining whether the rate of change is either high or low compared to said reference. 

13. (Original) The power converter of claim 8, wherein said characterization (b) 
includes determining whether the rate of change is either high or low compared to said reference. 

15. (Original) In a power converter, a method for supplying an output power to a 
load, comprising the steps of: 

providing a power input portion; 

providing a power output portion comprising a switching device having a 
switching input, a switching output, and a control input for enabling or disabling said switching 
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device from conducting current from said switching input to said switching output, and a 
network wherein said switching device input, said switching device output, and the load are 
connected together in a circuit; 

providing a bias voltage representative of the output power; 

determining the rate of change of said bias voltage; 

characterizing said rate of change; and 

controlling said control input as a result of said step of characterizing. 

16. (Original) The method of claim 1 5, wherein said step of determining includes 
comparing said bias voltage at a selected time relative to a selected starting value of said bias 
voltage, and wherein said step of characterizing includes comparing the change in said bias 
voltage in said step of determining to a reference. 

17. (Original) The method of claim 16, wherein said step of characterizing 
includes determining whether the rate of change is either high or low compared to said reference. 
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APPENDIX B 

Evidence, 37 C.F.R. § 41.37(c) (1) (ix) 

No evidence was submitted pursuant to 37 C.F.R. § 1.130, 1.131 or 1.132 nor any other 
evidence entered by the examiner and relied upon by appellant in the appeal. 
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APPENDIX C 

Related Proceedings, 37 C.F.R. § 41.37 (c) (1) (x) 

There are no decisions rendered by a court or the Board in any proceeding. 
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[57] ABSTRACT 

An isolated power converter architecture in which control- 
lers are used both on the primary side and also on the 
secondary side of the transformer. The controller on the 
secondary side is the master, and the controller on Che 
primary side is a slave controller which has only limited 
functionality. Each controller controls at least one switching 
transistor. The controller on the primary side has a start-up 
mode in which it drives its transistor to apply a simple 
waveform which couples enough power through the trans- 
former to permit the controller in the secondary to power up. 
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1 2 

ISOLATED POWER CONVERSION WITH FIGS. 3A and 3B arc two parts of a single schematic of 

MASTER CONTROLLER IN SECONDARY the preferred embodiment 

FIG. 4 is a block diagram of master controller 144. 

CROSS-REFERENCE TO RELATED FIG. S is a functional diagram of master controller 144. 

APPLICATION 5 

FIG. 6 is a functional diagram of pulse width modulation 

This application claims priority from provisional 60/016. regulator 306. 

657, filed May 1, 1996, which is hereby incorporated by fr^ 7 j$ a functional diagram of slave controller 142. 

reference. However, the content of the present application is nG 8 mustrates me operations of the master controller 

not identical to that of the priority application. 1Q ^^0^ lockout function (UVLO 300). 

BACKGROUND AND SUMMARY OF THE FIG. 9 illustrates the waveforms and delays generated by 

INVENTION master controller 144. 

FIG. 10 is an illustration of detail A of FIG. 9. 

The present application relates to isolated power conver- illustration of detail B of FIG. 9. 

sion circuits, in which a transformer is used to provide DC 15 rivJ " " , t *1 M *~ ^ 

isolation of electronic circuitry from a power input. HQ. ™ *• ** illustration of detail C of FIG. 9. 

L Isolation from Mains FIG. 13 shows the output signal of the master controller 

0 . , . , . . • 144. OUT2. with the ISNS input and T3 input held high. 

Safety regulations (such as UL™ requirements in the ...... 

United States) often require some isolation between the FIG. 14 illustrates the slave controller undervoltage lock- 
power supply mains and electronic equipment. In power 20 out function (UVLO 420) waveforms and timing during the 
supplies this is commonly achieved by including a trans- power-up of slave controller 142. 
former at some point However, because the transformer FIG. 15 illustrates the timing of oscillator 456. 
normally operates at duty cycles below 50%. current and FIG. 16 illustrates the start-up ramp timing of slave 
voltage waveforms are often distorted This results in a controller 142. 

condition where the rms (root-mean-square) value of current nG 1? ^5^5 ^ wa tchdog function 470 of slave 

is much higher man the average value of current, i.e. current controller 142 

handling is inefficient Switching too can degrade efficiency. nG „ me normal start-up and 

Many methods of mains isolation have been used in opei ation modes of slave controller 141 

power converters; but essentially all break the conduction M 

path and insert a transformer at some point where an AC y . - ^ ^ 6 r 

voltage exists, and hence are subject to the foregoing dis- supp y 88 m 

advantages. DETAILED DESCRIPTION OF THE 

2. Innovative Methods and Systems PREFERRED EMBODIMENTS 

The present application describes a new controller archi- 35 ^ numcrous teachings of the present appii- 

tecture for isolated power conversion circuits. In this archi- catioo ^ te described ^ particular reference to the 

tecture the master controller is located on the secondary side Qtl ^dmcd embodiment (by way of example, and 

of the isolating transformer, and a much simpler stare ^ rf ^ton), in which: 

controller is used on the primary side. At startup the slave _ , . 

controUer operates the switch in an open-loop mode, to 40 The present application discloses a reciprocaung 

provide enough power through the transformer to power up conv «^ [* which energy is periodically fed from the 

me master controller. Once the master controUer has been secondary back into the primary. The secondary current is 

powered up, it takes control of the slave controUer, and thus to ™"P *™ t0 De ** vc "J 1 ™* * e 

indirectly takes over control of the primary-side switch. secondary-side switch opens. When the secondary-side 

Switchin can thereafter be performed to regulate output 45 switch opens a negative current appears on the primary 

power in a feedback relationship as desired. wmding, and Uiis current reduces tiie voltage on the pnmary- 

*~ . , ... side switch. After the voltage on the pnmary-side switch has 

This control architecture is particularly aoVan^eous ^ tQ m acce ^ able minhaum leV el. the primary- 

with reciprocating converter operation (described below), ^ ^ {$ ^ dose4 md Ac ^ maj ^ current resumes 

since mis architecture permits robust control of the relative ramping ^ 

timing of primary-side and secondary-side switching. 50 \ t _ 

However. ttT^nLl architecture candso be adapted to ^^/^ cmbodunent uses two confers: one 

many other circuit topologies and operating methods. contro J ller for fte pnmary switch, and one controUer for the 

' v ...... . , secondary switch. Each controller controls the on-off 

Preferably (but not necessanly) an additional secondary switchmg of its assodate d switch. The controUer for the 

winding is used to provide power to the master controUer. secondaly switch is a master controUer which also controls 

and this same secondary winding is used to permit the tfae switching ^goal output by the slave controUer. The 

controUer to monitor the flux through the transformer. ma , trr controUer resides in the output circuit, where the 

BRIEF DESCRIPTION OF THE DRAWING Voha £ CS . j maUcr - 311(1 s ' nS€ l* e s * tes of * C „ fly ^ Ck 

switched mode power supply. The master controller then 

The disclosed inventions will be described with reference ^ turns the secondary switch on and off according to the states 

to the accompanying drawings, which show important of the flyback converter and communicates to the slave 

sample embodiments and which are incorporated in the controller when to turn on and off the primary transistor, 

specification hereof by reference, wherein: in the preferred embodiment, the master controller com- 

FIG. 1 is a schematic of a sample circuit in which the municates with the slave controller using pulsed signals. A 

reciprocating converter operation is implemented. 65 positive pulse directs the slave controller to turn on the 

FIG. 2 illustrates the waveforms present in a reciprocating primary switch. A negative pulse directs the slave controller 

energy flyback switched mode power supply. to turn off the primary switch. Feedforward voltage control 
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is provided to the master controller through an auxiliary is the parasitic drain-source capacitance of transistor 116. 
secondary winding of the power transformer. The master The output capacitor 118 functions as a low pass filter and 
controller also monitors the voltage across the secondary must also supply energy to the load and to the primary, 
switch in order to determine when energy is being trans- Diode 120 functions both as a rectifier for the output circuit 
ferred back into the power transformer. The master control- 5 lWandasadevicetoclarnproedram^^ 
ler then monitors the energy transferred back until sufficient of transistor 116. Inductor 104, diode 120, and capacitor 118 
energy has been transferred back to discharge the inherent constitute the necessary components to form an output 
capacitance of the first switch, whereby the master controller circuit of a typical flyback switched mode power supply; 
then turns off the second switch. Feedback voltage control is however, in this reciprocating energy flyback switched mode 
also provided to the master controller which monitors the 10 power supply, transistor 116 enables the output circuit 108 
output voltage of the converter. to supply energy back to the input circuit 106, thereby 
The slave controller powers up the flyback converter. The allowing the discharge of the drain-source capacitor 114 of 
slave controller has a power up function to power itself up. transistor 110. Transistor 116 also serves another purpose 
The slave controller also has a start-up waveform which is The on-state drain-source resistance, commonly denoted 
used to power up the master controller. Furthermore, the , 5 W*«* of transistor ■TO: is significant^ lower than the 
slave controller also has a watchdog timer which sets the resistance of diode 120. Thus, the parallel combmation of 
maximum amount of time allowed to power-up the master the diode resistance and me drain source resistance,! RDS ON . 
controller before the slave controller resets itself. Once the of transistor 116 lowers the effective switch resistance of 
master controller has been powered up and it communicates output circuit 108 and improves the efficiency of the con- 
its status to the slave controller, the start-up waveform from 20 vcrter 

the slave controller ceases, and the output of the slave FIG. 2 illustrates the currents and voltages of the recip- 

controUer is then controlled by the master controller. FIG. 1 rocaung energy flyback switched mode power supply. The 

illustrates the topology of the reciprocating energy flyback following is a discussion of one switching cycle, from time 

switched mode converter. Shown in FIG. 1 is a power tl until time t5, of transistor 110 and transistor 116. At time 

transformer 100 which has a primary winding comprising a 25 tl, transistor 110 is turned on by its gate voltage, As 

inductor 102 and a secondary winding comprising an indue- shown in FIG. 2, during the time from tl until tone t2. l F 

tor 104. Referring to a input circuit 106, V,„ a DC input ramps upward due to the DC voltage, V,„. which exists 

voltage, is connected to one end of inductor 102; the other across inductor 102. The drain voltage of transistor 110, 

end of inductor 102 is connected to the drain of a NMOS during this time period is approximately zero volts, 

prirnary transistor 110; the source of transistor 110 is con- 30 Furthermore, during the time from tl until t2, there is no 

nected to primary side ground; the anode of a diode 112 is secondary current, I? This is attributable to transistor 116 

connected to the drain of transistor 110; the cathode of diode being turned off and the drain voltage of transistor 116 being 

112 is connected to primary side ground; a parasitic capaci- positive, thereby reverse biasing diode 120. Although l P is 

tance 114 lies between the drain of transistor 110 and initially negative, which will be discussed below, the post- 
primary side ground; and a control voltage, V Gl . is con- 35 *ve primary current, I,, stores energy in the magnetic field 

nected to the gate of transistor 110. V D is the drain voltage of transformer 100 during the time from tl until tone t2. 

of transistor 110 and the voltage across the parasitic capaci- (Delay Tl helps to ensure that l s has started up before the 

tor 114. V w is typically formed by taking an AC wall synchronous rectifier has turned on.) 

voltage, passing it through a full wave bridge rectifier, and After a sufficient time has elapsed, discussed further 
then passing the rectified output signal of the bridge rectifier 40 below, V ol turns off transistor 110 at time t2. At this time the 

through a low pass filter. V w typically ranges from 120 to voltage of capacitor 114 changes from approximately zero 

380 volts. I P is the current of inductor 102 with the orien- volts to a voltage equal to the siimmation of the input 

tation shown in FIG. 1. Transistor 110 is a N-type, depletion- voltage, V,„, and the reflected output voltage present at the 

mode MOSFET (NMOS). Transistor 110, controlled by primary of transformer 100. After V ai has turned off tran- 
V G1 , functions as a switch by only operating in its saturated 45 sistor 110, V^, after a short delay not shown in FIG. 2. then 

(on) state or in its off state. Diode 112 clamps the voltage turns transistor 116 on. Once transistor 110 has turned off, 

swings of Capacitor 114 is the parasitic drain-source diode 120 provides the initial switching action for the output 

capacitance of transistor 1 10. This capacitance is the circuit, thereby allowing a positive secondary current, I*. 

primary source of switching loss for the power supply During time t2 to time t3, Ij ramps downward, thereby 
because of the large voltage developed across capacitor 114 50 transferring energy stored in the magnetic field of trans- 

during the off-time of transistor 110. former 100 to output capacitor 118 which completes the 

Referring to an output circuit 108. one end of a inductor transfer of energy from the input circuit 106 to the output 

104 is connected to the drain of a NMOS transistor 116; the circuit 108. Thus, during time t2 to time t3, energy stored in 

other end of inductor 104 is connected to one end of an the magnetic field of transformer 100 from time tl to time 
output capacitor 118; the other end of capacitor 118 is 55 t2 is transferred to output capacitor 118. 

connected to secondary side ground; the source of NMOS In an ordinary flyback switched mode power supply, at 

transistor 116 is connected to secondary side ground; the time t3 diode 120 would turn off and transistor 110 would 

anode of a parasitic diode 120 is connected to the drain of turn on, thereby transferring energy once again from the 

NMOS transistor 116; the cathode of diode 120 is connected input circuit 106 to the output circuit 108. However, this is 
to secondary side ground; a parasitic capacitance 122 60 a point where the reciprocating energy flyback switched 

appears between the drain of NMOS transistor 116 and mode power supply particularly differs from a standard 

secondary side ground; and a control voltage, V^. is flyback switched mode power supply. Once the energy 

connected to the gate of transistor 116. A DC output voltage stored in the magnetic field of transformer 100 has been 

V ovr is the voltage across capacitor 118 with the polarity transferred to capacitor 118. some energy from capacitor 118 
shown in FIG. 1. The secondary current I s . is the current of 65 is then transferred back to transformer 100. This energy 

inductor 104 with the orientation as shown in FIG. 1. transferred back is used to discharge capacitor 114 before 

controls the on-off switching of transistor 116. Capacitor 122 transistor 110 is switched on. As previously discussed, the 
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discharging of capacitor 114 before switching on transistor As can be seen from FIG. 2. this occurs at time tl. At time 

110 greatly reduces the switching power loss dissipated by tl capacitor 114 has been sufficiently discharged, I,, is zero, 

transistor 110. As shown in FIG. 2, from time t3 until time and V D has reached a sufficiently low voltage. As illustrated 

t4, 1 5 is negative, thereby storing energy in the magnetic field in FIG. 2, \ D levels off as it approaches its rninimum. The 

of transformer 100. 5 controller for transistor 110 must sense when the capacitor 

At time t4. transistor 116 turns off. Diode 120 also H4 voltage, has dropped below this low voltage thresh- 

remains turned off because the drain voltage of transistor 116 old - can be monitored several different ways. The 

is positive. Thus, there is no secondary current, and ^ is controDer for transistor 110 could sense the negative rate of 

forced to zero from time t4 until time t2 on the next cycle; <*ange of the drain voltage. V,,; sense the point at which the 

and therefore, at time t4. the output capacitor 118 has io rate of change of V,, equals zero; sense the point at which 

completed transferring sufficient energy to transformer 100. V p has passed below the low threshold value; or. measure a 

During the time t4 until time t5, energy stored in the <Way time, equal to the period of a natural LC 

magnetic field of transformer 100 discharges the parasitic oscillation. Once V D has reached its low voltage threshold, 

drain-source capacitor 114. This discharge of energy from v oi B 0 ** thereby switching on transistor 110. 

capacitor 114 drops the voltage across capacitor 114, to 13 In the independent controller embodiment, once transistor 

near zero. In the preferred embodiment, with an input 110 has been switched on, the controller for transistor 110 

voltage ranging from 120 to 360 volts, V D would drop to must then determine when to turn transistor 110 off. This 

about 30 volts for maximum efficiency. (Peak efficiency would occur, at time t2. when l P has reached the appropriate 

does not necessarily come at VIM) V; below 30 V the peak value according to common practice. There are several 

energy stored in capacitance 114 is small compared to the 20 ways to determine when I P has reached this threshold. One 

losses incurred in extracting it) way is to monitor the primary current 1 P * for the threshold 

At time t5, transistor 110 is once again switched on, value. Another way is to determine at what time transistor 

thereby starting another switching cycle. Primary current 1^, U0 has switched on and then measure a fixed delay before 

at time t4, has an initial value which is negative. At times tl switching transistor 110 off. which would allow 1 P to reach 

and t5 I- is ideally zero, and allows switching at the 25 the desired value. When the controller for transistor 110 

minimum vn determines mat l p has reached its peak value, the controller 

_ . ' . . . . . - for transistor 110 asserts V G i low, thereby turning off 

In order to ensure proper control several states of the , . fl Ul 

circuit shown in FIG. 1 must be monitored The primary or . ^ ^ 
current, L,, can be monitored by a current sensor, such as a ^ Still referring to the independent controller enta>diment, 
resistor, coupled in series with the primary winding; can be 30 in order to turn transistor 116 on, the controller for transistor 
monitored through an auxiliary winding of the power trans- U« must determine when transistor 110 has turned off. 
former 100; or can be estimated by monitoring the elapsed There are several ways to do this. One method is to monitor 
time from time tl when transistor U0 is first turned on. The the drain voltage of transistor 116. The drain voltage of 
secondary current I*. can be monitored by a current sensor. „ transistor 116 goes negative after transistor 110 turns off and 
such as a resistor, coupled in series with the secondary capacitor 122 discharges. Another way to determine when 
winding 108; can be monitored through an auxiliary winding transistor 110 has turned off is to monitor the voltage across 
of the power transformer 100; or can be estimated by inductor 104 as measured by the polarity indicated in FIG. 
monitoring the elapsed time from time t2 when transistor When the voltage across inductor 104. goes positive this 
116 is first turned c*. The dram to^^ „ indicates inductor 104 is now discharging, thereby indicat- 
es be monitored by an auxiliary winding of transformer ">g that transistor 110 has turned off. Another way to 
100; or can be estimated by monitoring the elapsed time determine if transistor 110 has turned off is to sense the 
from time t4 when transistor 116 is switched off and pre- inductor 104 current, I*. When l s goes positive, transistor 
dieting V D based on a L-C natural oscillation period of 1™ has turned off. When the controller for transistor 116 
inductor 104 and capacitor 114. The drain voltage of tran- M determines that transistor 110 has turned off. then the 
sistor 116, which can be used to detect when l s goes 45 controller asserts V OT high, thereby turning on transistor 
negative, can be monitored through an auxiliary winding of U6. 

transformer 100. Furthermore, the input voltage, V /Ar , can be Finally, when independent controllers are employed, the 

monitored through an auxiliary winding of transformer 100. controller for transistor 116 must then sense when to assert 

Both transistors 110 and transistor 116 have a separate 50 v o* low * thereby turning off transistor 116. As previously 

controller in order to generate the control signals, V 01 and discussed, during the time t3 to t4. energy is transferred from 

V^, respectively. The controllers may operate indepen- »e output circuit 108 back into the transformer 100. The 

dently of one another, or one controller may be dependent on controller for transistor 116 must wait an appropriate time 

the signals generated by the other controller. If the two for sufficient energy to transfer to transformer 100. The 

controllers operate independently of one another, each con- 55 controller for transistor 116 must detect or estimate when the 

troller must monitor the states of the power supply in order secondary current l s has dropped below zero, and after this 

to determine the appropriate switching times. If the two zero crossing, I s is allotted a fixed time to transfer energy to 

controllers interact with each other, one controller operates ™ c transformer 100. This delay is proportional to the input- 

a master controller, and one operates as a slave controller. tooutput voltage ratio. 

The master controller monitors the states of the converter, & Alternatively, it is also possible to measure 1^ and turn of 

generates a first control signal for its transistor, and com- switch 116 when I 5 reaches a sufficient negative amplitude 

municates a command signal to the slave controller which (in relation to Vin). 

generates a second control signal in response to the com- Alternatively, dependent controllers can be employed, 

mand signal. where a master controller is used in conjunction with a slave 

In one embo dim ent both transistor 110 and transistor 116 65 controller. The master controller may reside in either the 

have separate independent controllers. The controller for input circuit 106, thereby controlling transistor 110. or in the 

transistor 110 must determine when to turn transistor 110 on. output circuit 108. thereby controlling transistor 116. The 
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slave controller would control the other transistor, transistor REF, an internally generated reference signal; 

110 or transistor 116. The master controller monitors the RLIM. an input signal that limits the on-time of transistor 

states of the circuit in which it resides and sends a signal to 110; 

the slave controller directing the slave controller to turn its RAMP, an input signal governed by feedforward voltage 

associated transistor on or off. 5 control for providing a timing signal which governs the 

RefarmgnowtonGS.3Aand3B.mepreferredembodi- on-time of transistor 110; 

ment employs a master controller 144 tolontrol transistor S&H. an input subject to feedforward vohage control which 

116 andTslave controller 142 to control transistor 110. Due governs the ume during which energy is transferred from 

tomelowervoltagespresentmmeoulputcircuitlOS.inthe M «pacitor 118 to transformer lOOw hen I, goes »egatve; 

preferred embodiment the master comroUer 144 resides in » PLS-. a pulsed output signal used to commumcate to slave 

Seoutput circuit 108 and the slave controller 142 resides in controUer 142 to turn off transistor 110; 

me £5ctadt 106. Referring to the input circuit 106. an PLSfc ■ ^ output signal used to commumcate to slave 

AC voltoge source 130 is connected to an input fuse 131; the controUer 142 to turn off transistor 110; 

other end of input fuse 131 is connected to the AC input of • « "T 1 s *"»» uscd ° H V^SE^S 

a bridge rectiflCT 132. one end of a resistor 133 and one end » ^hing off of transistor 110 and me switchmg on of 

ofTresistor 135; the other end of resistor 133 is connected «™ sisiot U6 ca P acUor 122 to *»" 

to primary side ground; and the other end of resistor 135 is charge, 

connected to primary side ground. The DC output of the T1 - »n.«put signal used to establish the on-time of 

bridge rectifier 132 is connected to the input of a low pass transistor 116; 

filteT 134 which contains inductors, resistors and capacitors » FB. the voltage feedback input signal connected to feedback 

in an arrangement commonly known to those skilled in the network 160; 

art; the output of low pass filter 134 is connected to one end COMP. an external compensation pin; 

of inductorl02; the other end of inductor 102 is connected T3. an input timing signal used to establish the discharge 

to the drain of transistor 110; the source of transistor 110 is Jam of capacitor 114; „„„ c:cWlu; . 

connected to a current sense resistor 162; the gate of * OUT2. the \ m control signal used to control transistor 116; 

transistor 110 is connected to an output signal OUT1. 81,(1 .... ■ _ . . . 

gyrated by slave controller 142; andtfie otter end of REG. an output used to hnearly regulate V«. the supply 

SreS sense resistor 162 is connected to primary side voltage of master controUer 144.The = u^s of master 

. controller 144 will be discussed in further detail with the 

gr0UD . <rt0 . . . - AA 30 discussions of FIGS. 4 and 5. 

Referring to output circuit 108, one end of inductor 104 Refening now to ^ external connections of master 

is connected to output capacitor 118. the anode of a Zener 144 me rjjm input is connected to one end of a 

diode 154 and the input of a voltage feedback control m Qne eQ(} ^ a resistor 207 ^ one en d of a 

network 160; the other end of inductor 104 is connected to dtQr ^ ±e ^ cnd of rcsi stor 186 is connected to 

the drain of transistor 116 and the drain of a transistor 152; ^ ^ ^ cnd of capadtor 205 is connected to a 

the source of transistor 116 is connected to secondary side SIGNAL GROUND; and the other end of resistor 207 is 

ground; the gate of transistor 116 is couetfed to an OUT2 comeCtcd t0 SIGNAL GROUND. The RAMP input is 

signal generated by master controUer 144; and the cathode connectcd t0 onc end of a resistor 190 and one end of a 

of Zener diode 154 is connected to secondary side ground, capadtor ^ me other end of capadtor 204 is connected to 

Note that the on-resistance of power switch 116 is used to ^ SIGNAL GROUND; the other end of resistor 190 is con- 

find the zero crossing of the secondary current Since the Dec ted to the anode of a diode 192 and the anode of a diode 

objective is merely to detect a zero crossing, the particular jgg. me camode G f diode 188 is connected to REF; the 

value of the resistance used to sense current is not at all cathode of diode 192 is connected to one end of an auxiliary 

critical, and thus the on-resistance R^ can be used winding 136, one end of a resistor 206 and the input of a 

However, the problem is that when the switch is open it may 45 ^^p^g ^c^n 150; and the other end of auxiliary winding 

have to withstand voltages of well over 100 Volts. Thus, the 136 h connected to SIGNAL GROUND, 

circuit of FIG. 3 uses another power transistor 152, which is Thus diode 192 provides a component which corresponds 

turned on only when transistor 116 is turned on. Thus the to vin< ^ 188 provides a component which corre- 

input ISNS of chip 144 is connected, and monitors the S poads to a 5 V reference. The combination of these two 

secondary current only when the power transistor 116 is ^ diodes provides a variable-frequency operation which is 

turned on, and high voltages on the input ISNS are avoided dependent on Vin for higher values of Vin, but which is 

Note that transistors 116 and 152 arc both VDMOS power clamped to a fixed minimum frequency at lower values of 

transistors, in the presently preferred embodiment and Vin. This is one of the features which enables the converter 

VDMOS technology is not used in chip 144. of ^ c presently preferred embodiment to operate at any 

Shown in FIGS. 3A and 3B are master controller 144 and 55 input voltage from 400 V down to 50 V or less, 

slave controller 142. The master controller 144 communi- The S&H input is connected to one end of a resistor 206 

cates to slave controller 142 through an additional reactance and one end of a resistor 208; the other end of resistor 206 

146 (which in mis ernbodiment is a pulse transformer). The i s connected to one end of the auxiliary winding 136. the 

master controller 144 monitors the zero-crossing of the cathode of diode 192 and the input of clamping circuit 150; 

secondary current I5, through transistor 152 and monitors & and the other end of resistor 208 is connected to SIGNAL 

the DC input voltage, V /JV . through an auxiliary winding GROUND. The ISNS input is connected to the source of 

136. As discussed below, auxiliary winding 136 is also transistor 152 and one end of a resistor 210; the other end of 

utilized by slave controller 142 to power-up the master resistor 210 is connected to SIGNAL GROUND; the gate of 

controller 144 by connecting SIGNAL GROUND to sec- transistor 152 is connected to the OUT2 output; and the 

ondary side ground through a clamping circuit 150. 65 drain of transistor 152 is connected to one end of inductor 

Referring now to the master controller 144, the master 104 and the drain of transistor 116. The FLS- output is 

controller 144 includes the following inputs and outputs: connected to ground The FLS+ output is connected to one 
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side of a capacitor 216; the other side of capacitor 216 is Once master controller 144 has powered up and commu re- 
connected to one side of a primary winding 212 of a pulse cates this fact to slave controller 142 by sending slave 
transformer 146; and the other side of primary winding 212 controller 142 a negative pulse, as explained later, slave 
is connected to secondary side ground. The ground input to controller 142 terminates the start-up waveform. Capacitor 
the master controller 144 is connected to SIGNAL 5 196 is then kept charged by the voltage present on auxiliary 
GROUND. The T2 input is connected to a capacitor 218 winding 136 during the normal operation of the power 
with the other side of capacitor 218 connected to SIGNAL supply. 

GROUND. The Tl input of the master controller 144 is Feedback network 160 consists of an amplifier 155 with 

connected to a capacitor 220 with the other side of capacitor one input connected to ground; the other input of amplifier 

220 connected to SIGNAL GROUND. The FB input is 10 134 is connected to one end of a resistor 230 and one end of 

connected to one end of a resistor 176. one end of a resistor a resistor 232; the other end of resistor 230 is connected to 

178. the output of the feedback network 160, one end of a ground; the other end of resistor 232 is connected to the 

resistor 170, one end of a capacitor 172. and the anode of a output of amplifier 155 and one input of an error amplifier 

diode 174; the other end of resistor 178 is connected to 156. One input of error amplifier 156 is connected to the 

ground; the other end of resistor 170 is connected to a 15 output of amplifier 155; the other input of error amplifier 156 

resistor 168 with the other end of resistor 168 connected to is connected to one end of a resistor 228 and one end of a 

V ot/7 > The COMP input is connected to the cathode of a capacitor 234; the other end of resistor 228 is connected to 

diode 180. one end of a capacitor 172. and one end of a one end of a resistor 226; the other end of resistor 226 is 

capacitor 182; the other end of capacitor 172 is connected to connected to V ot/7 > the other end of capacitor 234 is 

the FB input; the other end of capacitor 182 is connected to 20 connected to SIGNAL GROUND; and the output of error 

one end of a resistor 176; the anode of diode 180 is amplifier 156 is connected to the cathode of a diode 236 

connected to the cathode of a diode 174; the other end of which has its anode connected to the FB input of the master 

resistor 176 is connected to the FB input; and the anode of controller 144. The feedback voltage control of master 

diode 174 is connected to the FB input The T3 input is controller 144 is discussed in more detail below with the 

connected to one end of a capacitor 222 and one end of a 25 discussion of FIG. 6. 

resistor 224; the other end of resistor 224 is connected to The master controller 144 must monitor the states of the 

V OUJ ; and the other end of capacitor 222 is connected to output circuit 108 in order to properly control the operation 

SIGNAL GROUND. The OUT2 output is connected to the of the flyback converter. Referring to FIGS. 2 and 3A/3B, 

gate of transistor 116 and the gate of transistor 152. The transistor 152 is employed to monitor the drain voltage of 

REG output is connected to the gate of a transistor 166; the 30 transistor 116 during the on-time of transistor 116. When the 

source of transistor 166 is connected to the supply voltage secondary current I s , drops to zero at time t3, the transistor 

input; and the drain of transistor 166 is connected to 116 drain voltage goes positive. Thus, as discussed in more 

Diodes 174 and 180 prevent saturation of the comparison detail below, transistor 152 allows the master controller 144 

network. This is particularly advantageous in the presently to detect the zero crossing of l s . Auxiliary winding 136 

preferred embodiment, where the small input capacitor 35 allows feedforward voltage control for the master controller 

means that the power converter is (in effect) powered down, 144. As discussed further below, this feedforward voltage 

and then started up again, twice in every cycle of the mains control arrangement allows the master controller 144 to 

voltage. These diodes help to prevent overshoot, and provide directly adjust V OUT far changes in V /N without relying on 

rapid convergence on target values, when the converter is the feedback control network 160, thereby increasing the 

started up after such an interruption. 40 dynamic response time of the master controller 144 to 

Clamping circuit 150 clamps the SIGNAL GROUND of changes in V w 

the master controller 144 to the ground of output circuit 108, The slave controller 142 uses the following inputs and 

thereby enabling master controller 144 to power up. The outputs: 

input to clamping circuit 150 is provided by auxiliary FREQ is an input which governs the frequency of a start-up 

winding 136. Referring to clamping circuit 150. the cathode 45 waveform produced by slave controller 142 to power up 

of a diode 194 is connected to one end of auxiliary winding master controller 144; 

136; the anode of diode 194 is connected to one end of a REF is an internally generated reference voltage; 

capacitor 196 and one end of a resistor 198; the other end of WD is an input governing watchdog orxrations of the slave 

capacitor 196 is connected to secondary side ground; the controller 142; 

other end of resistor 198 is connected to the gate of an 50 SS is an input governing a soft start feature of slave 

N-type transistor 202 and one end of a resistor 200; the other controller 142; 

end of resistor 200 is connected to secondary side ground; PW is an input setting the maximum duty cycle of the 

the drain of transistor 202 is connected to SIGNAL start-up waveform; 

GROUND; and the source of transistor 202 is connected to CHG is an input which establishes a watchdog timeout 

secondary side ground. (This transistor allows the circuitry 55 period; 

to be isolated from the output, so that no current is drawn DIS is an input which establishes a watchdog reset period; 

from the Vout terminal when the circuitry is turned off.) FLSIN is an input through which slave controller 142 

When the power supply is first turned on, the master receives a command signal from the master controller 

controller 144 is disabled because SIGNAL GROUND is not 144; 

connected to secondary side ground. In order to power up 60 OUT1 provides the V C1 control signal used to control 

master controller 144. slave controller 142 generates a transistor 110; 

start-up waveform, consisting of pulses, which charge ISNS is an input which provides instantaneous high-speed 

capacitor 196. Because capacitor 192 and diode 194 rune- overcurrent protection; 

tion as a peak detector, capacitor 196 remains charged when BOOT is an output to an external N-type. depletion mode 

the voltage from auxiliary winding 136 goes low. The 65 MOSFET transistor used to connect V /A , to the voltage 

voltage of capacitor 196 turns on transistor 202. thereby supply of slave controller 142 during power up of the 

clamping SIGNAL GROUND to the secondary side ground. slave controller 142; and 
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REG is an output to an external N-type, depiction mode generator 304. an output timer 302, and an undervoltage 
MOSFET used to regulate the slave controller 142 supply lockout section (UVLO) 300. 

voltage. The operations of slave controller 142 are dis- As shown in FIG. 4. the pulse generator 308 contains a 
cussed in more detail below with the discussion of FIG. set-reset latch 309, a monostable multivibrator 312, and a 
7 t 5 monostable multivibrator 314. The non-inverted output of 

Referring now to the connections of slave controller 142, latch 309 is connected to monostable multivibrator 312 and 
FREQ is connected to one end of a resistor 238 and one end the SAMPLE & HOLD input of output timer 302, whose 
of a capacitor 240; the other end of capacitor 240 is input signal is SAMPLE. The output of monostable multi- 
connected to primary side ground; and the other end of vibrator 312 provides the signal FLS+. The inverted output 
resistor 238 is connected to REE WD is connected to one 10 of latch 309 is connected to monostable multivibrator 314 
end of a capacitor 248, one end of a resistor 250, and one end which provides the signal PLS-; the inverted ENABLE 
of a resistor 252; the other end of capacitor 248 is connected input of PWM 306, whose input signal is RAMP ENABLE; 
to primary side ground; the other end of resistor 250 is and the input of a delay 316, whose input signal is OUT SET. 
connected to CHG; and the other end of resistor 252 is The SET input of pulse generator 308 is connected to the 
connected to DIS. SS is connected to one end of a resistor 15 output of a PLS+ delay 318; and the RESET input of pulse 
244 and one end of a capacitor 254; the other end of generator 308, whose input signal is PLS RESET, is con- 
capacitor 254 is connected to primary side ground; and the nected to the output of PWM 306. 
other end of resistor 244 is connected to REF. PW is PWM 306 has four inputs: FB. COMP. RAMP, and 
connected to one end of a resistor 256 and one end of a RUM. The output of PWM 306 is connected to the RESET 
capacitor 257; the other end of capacitor 257 is connected to 20 input of pulse generator 308; and the ENABLE input of 
primary side ground; and the other end of resistor 256 is PWM 306 is connected to the inverted output of latch 309. 
connected to REF, CHG is connected to a resistor 250 and PLS+ delay 318 is a delay controlled by input T2. The input 
the other end of resistor 250 is connected to WD. DIS is to PLS+ delay 318 is connected to the output of output timer 
connected to one end of a resistor 252 and the other end of 302 and the RESET input of output generator 304. The 
resistor 252 is connected to WD. PLSIN is connected to one 25 output of PLS+ delay 318 is connected to the SET input of 
end of a capacitor 258; the other end of capacitor 258 is the pulse generator 308. An out delay 316 is another delay 
connected to one end of a secondary winding 214 of the whose delay period is controlled by input Tl. The output of 
pulse transformer 146; and the other end of secondary delay 316 is connected to the SET input of output generator 
winding 214 is connected to primary side ground. OUT1 is 304. The signal input of delay 316 is connected to the 
connected to the gate of transistor 110. ISNS is connected to 30 inverted output of pulse generator 308. 
one end of resistor 252 and the source of transistor 110. The output timer 302 has three external inputs: ISNS, 
BOOT is connected to the gate of a N-type, depletion mode S&H, and T3. The ENABLE input of the output timer 302 
MOSFET, transistor 264; the source of transistor 264 is is connected to the output of output generator 304. which 
connected to the output of a peak detector circuit 148; the generates the OUT2 signal; a SAMPLE & HOLD input of 
drain of transistor 264 is connected to one end of a bleed 35 output timer 302, whose input is the SAMPLE signal, is 
resistor 266; the other end of bleed resistor 266 is connected connected to die non-inverted output of latch 309; and the 
to one end of a bleed resistor 268; and the other end of bleed output of output timer 302 is connected to the RESET input 
resistor 268 is connected to V w . REG is connected to die of the output generator 304, whose reset input signal is OUT 
gate of a N-type, depletion mode MOSFET, transistor 260; RESET. 

the source of transistor 260 is connected to the slave 40 The SET input of output generator 304 is connected to the 
controller 142 supply voltage; the drain of transistor 260 is output of delay 316; the RESET input of output generator 
connected to the anode of a Zener diode 262 and the output 304 is connected to the input of delay 318 and the output of 
of the peak detector circuit 148; and the cathode of Zener the output timer, which generates the OUT RESET signal; 
diode 262 is connected to the supply voltage for slave and the output of output generator 304 provides the OUT2 
controller 142. 45 signal. 

During power up. power is supplied to the slave controller The undervoltage lock out section (UVLO) 300 has two 
142 through bleed resistor 268 and bleed resistor 266. The external outputs: REF, reference voltage and REG, the 
peak detector circuit 148 supplies power to the slave con- supply voltage regulator signal. The UVLO 300 generates 
trollcr 142 after the slave controller 142 has powered up. The two internal enable signals, a UV signal and a RUN signal 
input of peak detector circuit 148 is connected to a primary 50 Now turning to the operations of master controller 144, 
auxiliary winding 278. A Zener diode 272 ensures a capaci- pulse generator 308 generates PLS+ and FLS-, the two 
tor 274 will not be discharged during the off-time of trail- outputs which direct slave controller 142 to turn on and off, 
sister 110. One end of auxiliary winding 278 is connected to respectively, transistor 110. As can be seen from FIG. 4, the 
one end of a resistor 270 and fee other end of auxiliary pulse generator 308 consists of pulse latch 309, the output of 
winding 278 is connected to primary side ground; the other 55 which controls two monostable multivibrators: one for PLS+ 
end of resistor 270 is connected to the cathode of diode 272; and one for PLS-. When the non-inverted output of pulse 
the anode of diode 272 is connected to one end of capacitor latch 309 undergoes a low-to-high transition, the rising edge 
274 one end of a resistor 276. the anode of Zener diode 262. of the output triggers monostable multivibrator 312 to assert 
and the drain of transistor 260; the other end of capacitor 274 PLS+ which enables PWM 306. PWM 306 then establishes 
is connected to primary side ground; the other end of resistor 60 the delay between the PLS+ pulse and the PLS- pulse. When 
276 is connected to primary side ground; and the cathode of PWM 306 is enabled by the assertion of FLS+, PLS RESET 
Zener diode 262 is connected to the supply voltage for slave is initially low. Thus, the time between the enabling of PWM 
controller 142. 306 and the assertion of PLS RESET, which resets pulse 

FIG. 4 is a block diagram of master controller 144 which latch 309, governs the on-time of transistor 110. When PWM 
will lead to a better understanding of the operations of the 65 306 resets pulse latch 308 by asserting PLS RESET, the 
master controller. Shown in FIG. 4 is a pulse generator 308. inverted output of pulse latch 309 undergoes a low-to-high 
a pulse width modulation (PWM) regulator 306, an output transition which triggers monostable multivibrator 314 to 
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assert the PLS- signal which directs slave controller 142 to the PLS+ signal is then asserted by pulse generator 308 after 

turn off transistor 110. a fixed time delay introduced by PLS+ delay 318. This delay 

The on-time of transistor 110 is subject to voltage feed- is set by capacitor 144 connected to toe T2 input of out delay 

back control. As discussed further in the discussion of FIG. 316. 

6. an error amplifier 400 inside PWM 306 provides an error 5 Also shown in FIG. 4 is the undervoltage lockout device 
voltage. ERROR, which is the difference of the FB input (UVLO) 300. UVLO 300 provides regulation, monitoring 
signal and REF. This error voltage, ERROR, is compared and protection for the supply voltage; reset control for 
with the RAMP input. The time delay produced by PWM master controller 144; and provides a precision, regulated 
306 is equal to the time from when the RAMP ENABLE reference voltage, REF. During master controller power up, 
signal goes low until the RAMP input voltage reaches the 10 the undervoltage signal UV is low. An internal reference 
ERROR signal. Thus, for example, a low V 0 ut would regulator, which produces the reference voltage, REF, and 
generate a larger ERROR signal which would, in turn, the other functional blocks of the master controller 144. are 
generate a longer delay between PLS- and FLS+, thereby not powered up until UV is asserted. UVLO 300 monitors 
increasing the on-time of transistor 110. The maximum the supply voltage until the supply voltage reaches a start-up 
on-time of transistor 110 is set by the RLIM input. The 15 voltage V CCS7 s thereby inhibiting improper operation of 
COMP input to PWM 306 allows for external selection of master controller 144. Once the supply voltage reaches 
gain and frequency compensation of error amplifier 400. VCCST. UV is asserted and the REF regulator is powered 
Just as PLS- and FLS+ govern the switching of transistor up; however, the functional blocks of master controller 144 
110, the output signal of output generator 304, OUT2. are still not enabled at this point Once REF reaches its 
governs the switching of transistor 116. OUT2 is the gate 20 threshold voltage Vj^,, UVLO 300 then asserts the RUN 
voltage of transistor 116. OUT2 is asserted by slave con- signal higji. which enables the functional blocks of the 
troller 142 a fixed time delay established by delay 316 after master controller 144 and enables the REG output. The REG 
PLS- is asserted, thereby ensuring transistor 110 is turned output controls the gate of an external, N-type, depletion 
off before transistor 116 is turned on. This ensures that the mode MOSFET. transistor 166, which is used to regulate the 
parasitic capacitor 122 has time to discharge. Thus, given the 23 supply voltage (see FIGS. 3A/3B). 
low voltages in the output circuit 108 and the time allowed FIG. 5 is a functional diagram of master controller 144. 
for capacitor 122 to discharge, transistor 116 introduces The following is a more detailed description of the opera- 
minimal switching power loss. Once transistor 116 is turned tions performed by the functional blocks described in FIG. 
on by output generator 304, the on-time of transistor 116 is 4. 

governed by output timer 302. 30 Referring to pulse generator 308 in FIG. 5, the set input 
As shown in FIG. 4, when OUT SET is asserted thereby of pulse generator 308 is connected to the clock input of a 
indicating the turning off of transistor 110. OUT2 is asserted pulse latch 310, a D-type latch, with the input of latch 310 
after a fixed time delay introduced by out delay 316. OUT connected to the supply voltage; the clear input of latch 310 
SET goes higji when PLS- is asserted, thereby turning off is connected to the output of an AND gate 311; the nonin- 
transistor 110. Out delay 316 sets the fixed time delay 35 verted output of latch 310 is connected to monostable 
between the turning off of transistor 110 and the turning on multivibrator 312; and the inverted output of latch 310, 
of transistor 116, thereby allowing the parasitic drain-source which generates the RAMP ENABLE signal, is connected to 
capacitance of transistor 116, capacitor 122, to discharge one input of an AND gate 313. the input of a NOT gate 350, 
before transistor 116 is turned on. and the gate of a N-type, depletion mode transistor 307. The 
Output timer 302 governs the on-time of transistor 116. As 40 output of NOT gate 350 generates the SAMPLE signal with 
shown in FIG. 4, the output timer 302 is enabled when the input of NOT gate 350 connected one input of AND gate 
OUT2 is asserted, and the signal OUT RESET, initially low 313. The other input of AND gate 313 is connected to the 
when OUT2 is asserted, resets output generator 304 by RUN signal, thereby allowing the UVLO 300 to disable the 
going high after a delay introduced by output timer 302. As pulse generator 308 before the supply voltage has reached 
discussed further below in the discussion of FIG. 5, this 45 the start-up threshold voltage, V CCST The reset input signal 
delay consists of an internal fixed delay and a delay gov- of the pulse generator 308, PLS RESET, is connected to the 
erned by the ISNS input The internal fixed delay allows the input of a NOT gate 321 which has its output connected to 
ISNS input to stabilize below zero volts. In the present one input of AND gate 311. The other input of AND gate 311 
embodiment the delay governed by the ENS input is die is connected to the RUN signal, thereby allowing the UVLO 
time during which energy is transferred from output circuit 50 300 to disable the pulse generator 308. The output of delay 
108 back into the magnetic field of transformer 100, thereby 318 is connected to the clock input of latch 310; the input of 
allowing sufficient energy to be transferred back into input latch 318 is connected to the inverted output of an out latch 
circuit 106 to discharge capacitor 114. ISNS goes positive 317; and the timing voltage input of latch 318, which is the 
when I,, goes negative. This occurrence triggers a delay T2 signal, is connected to capacitor 218 which has its other 
based upon the comparison of the input signal S&H and the 55 end connected to SIGNAL GROUND, 
ramp input signal T3. As will be discussed in more detail in Referring now to the connections of PWM 306, PWM 306 
the discussion of FIG. 5, the SAMPLE & HOLD input of has the following inputs: FB. COMP. RAMP, and RAM- 
output timer 302 is enabled when SAMPLE goes high which PUM. The output of PWM 306. which generates the PLS 
occurs when transistor 110 is turned on. The output of output RESET signal, is connected to the input of a NOT gate 321. 
generator 304. OUT2. remains high during the transfer of 60 The RAMP input is connected to the drain of transistor 307, 
energy from transformer 100 to output capacitor 118 and one end of resistor 190. and one end of capacitor 204. The 
continues to remain high during the reverse transfer erf source of transistor 307 is connected to SIGNAL GROUND 
energy from output capacitor 118 to transformer 100, and the gate of transistor 307. which has die input signal, 
whereby the time of which is governed by the ISNS delay of RAMP ENABLE, is connected to the inverted output of 
output timer 302. After this delay. OUT RESET is asserted, 65 latch 310 and one input of AND gate 313. The RLIM input 
and OUT2 goes low, thereby turning off transistor 116, to the PWM 306 is connected to the drain of a N-type, 
When OUT2 is negated, thereby turning off transistor 116, depletion mode MOSFET, transistor 305. one end of resistor 
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186, one end of capacitor 20S, and one end of resistor 207. PLS RESET returns to low and a subsequent rising edge is 

The source of transistor 305 is connected to SIGNAL applied to the clock input of pulse latch 310. Thus. NOT gate 

GROUND and the gate of transistor 305 is connected to the 321. AND gate 311. and pulse latch 310 function as latch 

output of a NOT gate 319. The input of NOT gate 319 is 309 of FIG. 4. FLS+ delay 318 is a 100 ns to 5 us delay line, 

connected to the RUN signal 5 the delay of which is externally selectable through capacitor 

The output generator 304 has its reset input, whose input 218. As shown in FIG. 5. the RUN signal is an input to AND 

is the inverted OUT RESET signal, connected to one input gate 311 and AND gate 313 in order to disable pulse 

of an AND gate 320. The set input of output generator 304 generator 308 before UVLO 300 asserts RUN high. The 

is the clock input of latch 317. whereby latch 317 is a D-type output of pulse latch 310 is connected to NOT gate 350. 

latch with its input connected to the supply voltage; its clear 10 thereby asserting SAMPLE high when FLS+ is pulsed high 

input connected to the output of AND gate 320; its inverted and asserting SAMPLE low when PLS- is pulsed high, 

output connected to the input of delay 318; and its non- Also shown in FIG. 5 is PWM 306. The RUM input is 

inverted output connected to an output driver 322. The negated before RUN is asserted by UVLO 300. thereby 

output signal of driver 322 is OUT2, and the driver 322 is disabling the RAMP signal input Once RUN is asserted by 

enabled by the RUN signal. The other input of AND gate 15 UVLO 300, PWM 306 is enabled and awaits assertion of 

320 is connected to the RUN signal and the output of AND RAMP ENABLE high. The RAMP input is negated by the 

gate 320 is connected to the clock input of latch 317. Out RAMP ENABLE signal thereby disabling PWM 306, until 

delay latch 316 has its output connected to the clock input PLS+ is pulsed high by pulse generator 308. Once the PLS- 

of latch 317; its timing input, Tl. is connected to one end of is pulsed high, the RAMP ENABLE is asserted, and the 

capacitor 220; and the input of delay 316, the OUT SET 20 RAMP input signal is governed by resistor 190 and capacitor 

signal, is connected to the output of AND gate 313 and the 204. 

input of the monostable multivibrator 314. The voltage source that is connected to the other end of 
Referring to output timer 302, the ISNS input is connected resistor 190. by diode 192 or diode 188 (see FIGS. 3A/3B). 
to the non-inverting input of comparator 324; the inverting governs the slope of the RAMP input signal. This arrange- 
input of comparator 324 is connected to SIGNAL ground; 25 ment provides feedforward voltage control as discussed 
and the output of comparator 324 is connected to the clock further with the discussion of FIG. 6. 
input of a latch 326. Latch 326 is a D-type latch with its Another functional block shown in FIG. 5 is the output 
input connected to the supply voltage; its clear input con- generator 304. OUT2 is negated when OUT RESET is 
nected to the output of IPOS delay 328; and its inverted negated. Out delay 316 consists of a 100-500 ns delay line, 
output connected to the gate of a N-type, depletion mode 30 the time of which is externally selectable by capacitor 220. 
transistor 325. The ENABLE input of the output timer 302, The output of delay 316 is connected to the clock input of 
consisting of the OUT2 signal, is connected to the input of out latch 317, a D-type latch with the input of latch 317 tied 
a delay 328 which has its output connected to the clear input to the supply voltage of the master controller 144. The clear 
of latch 326. (A certain delay is desirable to allow the correct input of out latch 317, after power up. is effectively con- 
amount of negative current to be coupled back into the 35 nected to OUT RESET. Thus, when OUT RESET is higi, 
primary side.) The S&H input signal to the output timer 302 the inverted output of out latch 317, OUT2, is low. OUT2 
is connected to the input of a sample and hold circuit 330. remains low until OUT RESET is negated and a high input 
one end of resistor 206 and one end of resistor 208. The clock signal to latch 317 is subsequently asserted by the 
output of the sample and hold circuit 330 is connected to the output of out delay 316. 

non-inverting input of a comparator 332. The SAMPLE & 40 As with the other functional blocks, an AND gate 320 is 

HOLD input, receiving the SAMPLE signal is connected to employed to disable operations before UVLO 300 asserts 

the output of NOT gate 350. The non-inverting input of the RUN signal. The output of AND gate 320 is connected 

comparator 332 is connected to the output of the sample and to the clear input of out delay 316, with its inputs being the 

hold circuit 330; the inverting input of comparator 332 is RUN signal and the inverted OUT RESET signal. Thus, 

connected to the drain of transistor 325, one end of resistor 45 when either the RUN signal is negated or the OUT RESET 

224, and one end of capacitor 222; and the output of signal is asserted. OUT2 is negated. The output driver 322, 

comparator 332, which generates the inverted OUT RESET which is connected between the noninverted output of the 

signal, is connected to one input of AND gate 320. The out latch 317 and the output of master controller 144, drives 

source of transistor 325 is connected to SIGNAL GROUND the pulse transformer 146 (FIGS. 3A/3B). Output driver 322 

and the gate of transistor 325 is connected to the inverted 50 is disabled before the RUN signal is asserted, thereby 

output of latch 326. prohibiting any false signals during power up or power 

Now turning to the operations of master controller 144. down of the master controller 144. 

shown in FIG. 5 is pulse generator 308. The two outputs of The functional diagram of output timer 302 is also shown 

pulse generator 308. PLS- and PLS* are connected differ- in FIG. 5. Before OUT2 is asserted, the clock input of latch 

entially to the pulse transformer primary winding 212 (see 55 326 is low. thereby keeping the inverted output of latch 326 

FIGS. 3A/3B). When connected in this manner, the PLS- low and transistor 110 off. Thus, before OUT2 is asserted, 

pulsed output is negative as compared to the PLS+ pulsed the negative input of comparator 332 is held high, thereby 

output Both monostable multivibrator 312 and monostable ensuring that the output of comparator 332. the inverted 

multivibrator 314 generate a pulse from 20 ns to 40 ns in OUT RESET signal is held low. When OUT2 is asserted, a 

duration upon assertion of their input. Pulse latch 310 is a 60 delay is introduced by delay 328 before the OUT2 signal 

EMype latch with the input of latch 310 tied to the supply resets latch 326. After this delay, the clock input to latch 326 
voltage. The clock input of pulse latch 310 is the output of is held high, awaiting the next input from the output of 

PLS+ delay 318, and the dear input of pulse latch 310 is comparator 324. When the ISNS input becomes greater than 

effectively connected to the PLS RESET signal. This zero, indicating that the secondary current, I s , has become 
arrangement allows the inverted output of pulse latch 310 to 65 negative, the output of comparator 324 is asserted; therefore, 

be asserted when PLS RESET is asserted, and the non- the inverted output of latch 326 is negated. This starts a 
inverted output of pulse latch 310 to be asserted when both delay which allows energy from capacitor 118 to be trans- 
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fared back to transformer 100. Because the output of RAMP ENABLE is asserted during toe on-time of transistor 

comparator 332 is low, transistor 110 is turned off, and the 110. This occurs after the PLS+ signal is asserted and before 

inverting input signal to comparator 332 begins to ramp the PLS- signal is asserted. When RAMP ENABLE is 

upwards until the inverting input of comparator 332 sur- asserted, transistor 410 is turned on and the RAMP input is 

passes the output voltage of sample and hold circuit 330, 5 disabled, thereby negating the PLS RESET signal. Thus, 

V 5W . When this occurs, the output of comparator 332 is referring back to FIG. 5, the clear input to pulse latch 310 is 

negated, thereby asserting OUT RESET high which negates pulled low, thereby enabling the output of pulse latch 310; 

OIJT2. however, the output of pulse latch 310 will remain low until 

Sample and hold circuit 330 samples during the on-time the output of PLS+ delay 318 is once again asserted, 
of transistor 110 when a proportion of V /N appears across 10 Amplifier 406 is configured as a unity gain buffer ampli- 
secondary auxiliary winding 136, thereby providing feed- fier which establishes the maximum allowable value for 
forward voltage control to directly compensate for changes ERROR, thereby effectively establishing the maximum 
in V w . SAMPLE is held high during this time because of the value of the RAMP input. The RLIM signal is held to ground 
connection of the SAMPLE input, through NOT gate 350, to by transistor 412 until UVLO 300 asserts the RUN signal, 
the inverted output of the pulse latch 310. has a maxi- 15 The preferred embodiment incorporates a "soft start" feature 
mum value equal to the summation of V w and a reflected for the PWM 306. Referring back to FIG. 3. the network 
W OUT voltage, \ OUT multiplied by the turns ratio of trans- formed by capacitor 205, resistor 186 and resistor 207 
former 100. The reflected V OVT voltage varies proportion- ensure that upon power up, the RUM signal will be zero and 
ally with V w ; therefore, the maximum voltage of varies thereafter slowly increase to its steady state value deter- 
linearly with changes in V w . Thus, by sampling V w through 20 mined by resistor 186 and resistor 207. Thus, the amount of 
auxiliary winding 136. V SH varies linearly with If V w feedback voltage correction is limited during power up. 
increases, then more energy needs to be transferred back to The delay generated by PWM 306 is subject to feedfor- 
discharge capacitor 114. Thus, the maximum value of V 0 ward voltage control to compensate for changes in V w . This 
increases, and W SH increases, thereby increasing the delay allows a more dynamic response by the master controller 
generated by output timer 302. Conversely, if V w decreases, 25 144 to changes in V w rather than relying on slower feedback 
less energy needs to be transferred back to the input circuit voltage control The delay generated by PWM 306 is gov- 
106 from the output circuit 108, and the delay generated by erned by the time required for the RAMP input signal to go 
output timer 302 decreases. from zero volts to the ERROR signal. Thus, the delay 

FIG. 6 is a functional diagram of PWM 306. Referring generated by PWM 306 varies linearly with the slope of the 

now to FIG. 6, an error amplifier 400 has its inverting input 30 RAMP signal. Referring back to FIGS. 3A/3B, this slope is 

connected to the FB input; the non-inverting input of error proportional to the voltage source connected to resistor 190 

amplifier 400 is connected to the REF input; and the output by either diode 188 or diode 192. As long as the voltage of 

of error amplifier 400 is connected to the non-inverting input auxiliary winding 136 is greater than REF. this auxiliary 

of a comparator 408, the inverting input of a comparator voltage, a sampled version of V w , will govern the slope of 

402, the output of a comparator 406, and the inverting input 35 RAMP and the delay generated by output timer 302. Absent 

of comparator 406. An overvoltagc comparator 408 has its any feedback voltage control, for V w between approxi- 

inverting input connected to SIGNAL GROUND and its mately 120 to 360 volts, \ OUT varies linearly with V,„; 

output connected to one input of an AND gate 404. A PWM therefore, if W JN decreases, the slope of RAMP will 

comparator 402 has its non-inverting input connected to the decrease, thereby increasing the on-time of transistor 110 

drain of a N-type. depiction mode MOSFET. transistor 410 40 and keeping the output regulated for a given V w . Thus, 

and its output connected to the other input of AND gate 404. ERROR does not change, and this feedforward mechanism 

The output of AND gate 404 provides the PLS RESET directly compensates for changes in V w . 

signal The source of transistor 410 is connected to SIGNAL However, once V w drops below a low threshold voltage. 

GROUND and the gate of transistor 410 is connected to the typically around 120 volts. V ot/r changes sharply with small 

RAMP ENABLE input. The non-inverting input of amplifier 45 changes in V w Thus, the feedforward control provided by 

406 is connected to the RLIM input and the drain of a auxiliary winding 136 is no longer sufficient, and the 

N-type, depletion mode MOSFET, transistor 412. The ERROR signal increases in an attempt to regulate W OUT 

source of transistor 412 is connected to SIGNAL GROUND, assuming still varies linearly with V w This results in 

and the gate of transistor 412 is connected to the RUN transistor 110 remaining on for a long time; therefore, 

signal. 50 over-current conditions exist in the mput circuit 106 because 

Turning now to the operations of PWM 306, the output of l P ramps upwards, out of control. To remedy this situation, 

error amplifier 400 produces an error voltage, ERROR, diode 188 connects REF to resistor 188 when auxiliary 

which is the input signal to the inverting input terminal of winding 136 voltage drops below REF. thereby limiting the 

PWM comparator 402. The non-inverting terminal of com- peak of 1^ 

parator 402 is connected to the RAMP input Thus, when the 55 FIG. 7 is a functional diagram of slave controller 142. The 

RAMP input exceeds ERROR. PLS RESET goes high. output signal of slave controller 14Z OUT1, controls tran- 

thereby resetting pulse generator 308. Comparator 408 in sistor 110. The slave controller 142 functions can be divided 

combination with AND gate 404 ensures that should an into four distinct sections: an undervoltage lockout section 

overvoltage condition occur at the FB input the operations (UVLO) 420, a start-up section 450, a repeater section 480, 

of PWM 306 would be disabled. PWM 306 also permits 60 and a driver section 510. UVLO 420 provides regulation, 

access to the output of the error amplifier 400, through the monitoring and protection for the slave controller 142 sup- 

COMP input pin. in order to allow external gain and ply voltage; reset control for slave controller 142; and a 

frequency compensation for error amplifier 400. regulated reference voltage. REF. The start-up section 450 

Transistor 410 ensures that the RAMP signal will not be provides complete and precise control of OUT1 by the slave 

present at the non-inverting input terminal of comparator 65 controller 142 during the initial start up of the power supply. 

402 until the appropriate time. As previously discussed, The repeater section 480 allows master controller 144, after 

PWM 306 governs the on-time of transistor 110; therefore power-up, to control OUT1 through the use of PLS+ and 
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PLS-. The driver section 510 receives the waveforms from Now turning to the discussion of the operations of the 
the start-up section 450 or repeater section 480 and gener- UVLO 420 in FIG. 7, UVLO 420 prohibits full scale 
ates a high-current fast rise-time output, OUT1. operations of slave controller 142 until slave controller 142 

Referring to UVLO section 420 of the slave controller has been powered up. The supply voltage is the input signal 
142. a Zener diode 438 has its anode connected to the supply 5 of hysteresis comparator 424. The low-to-high threshold 
voltage and its cathode connected to primary side ground. A input voltage of comparator 424 is VCCST, the start-up 
hysteresis comparator 424 has its non-inverting input con- voltage, and the high-to-low input threshold voltage of 
nected to the supply voltage; its inverting input connected to comparator 424 is V^^y. the undervoltage limit of the 
its own hysteresis network which has a high-to-low thresh- supply voltage. When the supply voltage reaches the 
old voltage of 8.25 volts and a low-to-high threshold of 12.5 10 output of comparator 424 goes high, thereby asserting the 
volts; and the output of comparator 424, which generates the UV1 signal high. When UV1 is asserted, a section of 
UV1 signal, is connected to one input of an AND gate 425. watchdog timer 370 is enabled, and the BOOT output is 
AND gate 425 has its other input connected to an ENABLE pulled low by transistor 430. Furthermore, because 
UVLO signal; and the output of AND gate 425 is connected ENABLE UVLO is high during initial power up, as dis- 
to the ENABLE input of a reference regulator 422 and one 15 cussed below. REF regulator 422 is enabled, 
input of an AND gate 427. As shown in FIG. 7, the reference Although once has been achieved the UV1 signal 

regulator 422 has an ENABLE input and generates a 5 volt is asserted, the functions of slave controller 142 are still 
reference signal, REF. AND gate 427 has its other input disabled until the RUN signal is asserted. The output of REF 
connected to a hysteresis comparator 426 and the output of regulator 422 is connected to hysteresis comparator 426 
AND gate 427 generates the RUN signal. The non-inverting 20 which has a low-to-high input voltage of V^. When REF 
input of hysteresis comparator 426 is connected to REF. and reaches V /?77/ , the RUN signal is asserted. The assertion of 
the inverting input of hysteresis comparator 426 is con- the RUN signal fully enables the operations of slave con- 
nected to 4.5 volts. Referring now to the BOOT output one troUer 142. The supply voltage, after power-up, is regulated 
end of a resistor 432 is connected to the voltage supply and by the REG output which linearly regulates the supply 
the other end of resistor 432 is connected to the collector of 25 voltage through the use of current pass transistor 260. 
a NPN BJT, transistor 430. The voltage at the collector Referring now to start-up section 450 of slave controller 
transistor 430 is the BOOT signal The base of transistor 430 142. an OUTPUT MODE signal generated by repeater 
is connected to the TJV1 signal and the emitter of transistor section 480 is connected to one input of a NAND gate 460 
430 is connected to primary side ground Referring now to and one input of a NAND gate 474. The other input of 
the circuit which generates the REG signal one end of a 30 NAND gate 460 is connected to the RUN signal; and output 
resistor 434 is connected to the supply voltage; and the other of NAND gate 460. which generates a START-UP RESET 
end of resistor 434 is connected to the inverting input of an signal, is connected to a reset input of an oscillator 456, the 
amplifier 431 and one end of a resistor 436. The other end gate of a N-type, depletion mode MOSFET. transistor 468. 
of resistor 436 is connected to primary side ground. The and one input of an OR gate 461. Transistor 468 has its 
non-inverting input of amplifier 431 is connected to REF 35 source connected to primary side ground; and the drain of 
and the output of amplifier 431. which generates the REG transistor 468 is connected to the SS input of the slave 
signal, is connected to a frequency compensation network controller 142 and the inverting input of a PW comparator 
433 464. The other input of OR gate 461 is connected to the 

As shown in FIG. 7. UVLO 420 provides three external inverted output of a start-up latch 462 and the output of OR 
output signals: BOOT, REG, and REF. UVLO 420 also 40 gate 461 is connected to the gate of a N-type, depletion mode 
generates two internal signals used to prohibit full-scale MOSFET, transistor 463. The source of transistor 463 is 
operations of the slave controller 142 until power-up has connected to primary side ground, and the drain of transistor 
been accomplished: UV1 and RUN. 463 is connected to the anode of an element 467. Element 

Referring both to FIGS. 3A/3B and FIG. 7, BOOT is used 467. which can either be a diode or a voltage source, has its 
to control the gate pin of an external, N-channeL depletion 45 cathode connected to the PW input signal and the non- 
mode MOSFET, transistor 264, which allows bleed current inverting input of PW comparator 464. PW comparator 464 
from the unregulated input voltage, V w to power up slave has its output connected to one input of a NOR gate 466. 
controller 142. Once power up is achieved. BOOT goes low, NOR gate 466 has its other input connected to an OVER- 
thereby turning off transistor 264. Transistor 264 is the CURRENT RESET signal, which limits the current of input 
external boot transistor which allows, during power up. the 50 circuit 106. and its output connected to the clear input of a 
input voltage, V w to supply current to slave controller 142 start-up latch 462. Start-up latch 462 is a D-type latch which 
through bleed resistor 266 and bleed resistor 268. After has its input connected to the supply voltage; its clock input 
power up, as will be discussed below, UVLO section 142 connected to the output of oscillator 456; its inverted output 
asserts BOOT low, thereby turning off transistor 264 and connected to one input of OR gate 461; and its non-inverted 
disconnecting bleed resistor 266 and bleed resistor 268 from 55 output connected to one input of an AND gate 469. Sawtooth 
the slave controller 142 voltage supply pin. After power-up, oscillator 456 has its voltage timing input connected to the 
slave controller 142 is powered by auxiliary winding 278. FREQ input; its reset input connected to one input of OR 
Auxiliary winding 278 is connected to peak detector circuit gate 461, the gate of transistor 468. the output of NAN D gate 
148. The output of peak detector 148 supplies DC voltage to 460, and the gate of a P-type, depletion mode MOSFET, 
slave controller 142. 60 transistor 473. The output of AND gate 469, which generates 

REG is an external analog output signal generated by a START-UP WAVEFORM signal, is connected to an OR 
UVLO 420 which controls the gate pin of an external, gate 512. 

N-type depletion mode MOSFET, which is used to regulate Start-up section 450 generates the OUT1 signal necessary 
the supply voltage of slave controller 142. Transistor 260, to power up master controller 144, START-UP WAVE- 
connected between the output of the peak detector circuit 65 FORM. In order for the output from this section to be 
148 and the supply voltage, linearly regulates the supply enabled, OUTPUT MODE, a signal generated by repeater 
voltage. 480, must be high. Once master controller 144 has been 
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powered up, master controller 144 negates the OUTPUT to an input of NAND gate 474. NAND gate 474 has its other 

MODE signal which will be further discussed below. Start- input connected to the UVLO 420 signal. UV1. and its 

up section 450 has three externally selectable features: the output connected to the gate of a N-type. depletion mode 

maximum duty cycle of START-UP WAVEFORM; the time MOSFET, transistor 475. Transistor 475 has its source 

required for START-UP WAVEFORM to reach its maximum 5 connected to ground; and its drain connected to the inverting 

duty cycle, thereby achieving a "soft start" power up; and mput 0 f a hysteresis comparator 472. one end of capacitor 

the frequency of the START-UP WAVEFORM signal. The 248. one end of resistor 252 and one end of resistor 250. The 

maximum duty cycle of START-UP WAVEFORM is gov- of 475 j s connected to the WD input signal, 

erned by the PW input The "soft start" time of the START- ^ tc of a j|_type, depletion mode MOSFET, transistor 

UP WAVEFORM is governed by the SS input The fre- w 47? ^ annca* t0 ^ START-UP RESET signal; the 

quency of the START-UP WAVEFORM is governed by the sourcc of 477 is connecte d to primary side ground; 

Tffio understand the operations of start-up section andmedramof transis^ 

450, it is helpful to analyze the initial conditions of start-up » "12* ^otaS 

section 450 before RUN is asserted. Referring to FIG. 7, ^sisto^is^ 

when RUN is low, START-UP RESET, the signal generated » is connected to the START-UP RESET signal; and to drain 
by the output of NAND gate 360, is high. Thus, transistor of transistor 473 is connected to oneend lof resistor 250.The 
468 is turned on and SS is negated. Similarly, transistor 463 drain of transistor 473 provides the CHG signal. The output 
is turned on, thereby discharging capacitor 257 until PW is of comparator 472 provides the ENABLE UVLO signal, 
equal to V PWL . the voltage drop across element 467. Element Watchdog section 470 of start-up section 450 controls the 
467 may either be a diode or a voltage source. Oscillator 20 timing of the start-up attempts by interfacing with UVLO 
456, a sawtooth oscillator, is also disabled before RUN is 420 through the ENABLE UVLO signal to pull RUN low 
asserted. The output of oscillator 456 is connected to the after an externally selectable watchdog timeout period. This 
clock input of start-up latch 462, a D-type latch. allows slave controller 142 a set time period in which to 

When RUN is asserted, oscillator 456 is enabled; power up master controller 144. If unsuccessful, watchdog 
therefore, oscillator 456 supplies the clock signal for start-up 25 section 470 pulls RUN low and resets the start-up section 
latch 462. When the RUN signal is first asserted, PW is equal 450. Referring back to FIG. 3, the watchdog timeout period 
to V PHX , and SS is low. The output of comparator 464, is externally selectable by resistor 250 and capacitor 248. 
which is connected to NOR gate 466, is initially higji. The The watchdog reset period is externally selectable by resis- 
output of NOR gate is connected to the clear input of latch tor 252 and capacitor 248. 

462. Thus, when the RUN signal is first asserted, the 30 The watchdog timeout period is the time during which 
non-inverted output of latch 462 negates the START-UP WD, the voltage of capacitor 248. goes from zero to V raTO , 
WAVEFORM signal. the watchdog threshold voltage and the high-to-low thresh- 

The START-UP WAVEFORM signal remains low until old input voltage of hysteresis comparator 472. Once the 
SS reaches V m . During the time period in which START- comparator 472. connected to AND gate 425, negates its 
UP WAVEFORM is low, PW never exceeds V PWL . The 35 output signal, ENABLE UVLO, RUN. the output signal of 
noninverted output of latch 462 ensures that transistor 463 AND gate 427, is negated. When RUN is negated, NAND 
will remain on, thereby keeping PW equal to V PWL . Thus, in gate 360 asserts a high START-UP RESET, thereby resetting 
order for comparator 464 to change to its low state, SS must the start-up section 450. When START-UP RESET goes 
reach V PWL . Once this occurs, latch 462 is then enabled, and high, transistor 477 is turned on, thereby initiating the 
on the next falling edge of the oscillator 456 output, the 40 discharge of capacitor 248. Watchdog section 470 will hold 
non-inverted output of latch 462 will be asserted Once SS the start-up section 450 in its reset state until WD reaches 
reaches V PWL , start-up section 450 begins to function and V W drst> a watchdog reset voltage and the low-to-high input 
generates the START-UP WAVEFORM with a duty cycle threshold voltage of comparator 472. Once mis occurs, the 
mat gradually increases over time. output of comparator 472 asserts ENABLE UVLO high, and 

The duty cycle of START-UP WAVEFORM gradually 45 RUN is asserted by AND gate 427, thereby bringing the 
increases over time. Latch 462, because its input is the start-up section 450 out of reset START-UP RESET then is 
supply voltage, asserts START-UP WAVEFORM higfi every negated, thereby turning on transistor 473, which allows 
falling edge of the clock signal generated by oscillator 456. capacitor 248 once again to charge and WD to rise to 
The on-time of START-UP WAVEFORM is equal to the time V VD7H . 

for PW to ramp upward from V^ to SS. Until SS equals 50 Referring to the repeater section 480, the PLSIN input of 
REF, SS increases over time. Thus, until SS equals REF, the the slave controller 142 is connected to one end of a resistor 
time for PW to ramp from V PWL to SS also increases over 487, the non-inverting input of a comparator 488, and the 
time. Once FW equals SS, a high output from comparator inverting input erf a comparator 490. Comparator 488 has its 
464 clears latch 462, thereby negating START-UP WAVE- inverting input connected to 0.75 xV cc and its output which 
FORM. Once the output of NOR gate 466 is asserted. 55 generates the START signal, is connected to the SET input 
capacitor 257 is immediately discharged through transistor of a latch 482. A comparator 491 has its non-inverting input 
463 until PW equals V PHX . START-UP WAVEFORM connected to V^, and its output, which generates a END 
remains low until the next falling edge of the clock signal signal is connected to one input of an OR gate 492 and the 
produced by oscillator 456. Thus, as SS increases, the time SET input of a mode latch 482. An amplifier 486 has its 
during which START-UP WAVEFORM remains low 60 non-inverting input connected to Vc^/2; and its inverting 
decreases; therefore, the duty cycle of START-UP WAVE- input connected to the output of amplifier 486 and the other 
FORM increases with time. Eventually. SS reaches its end of resistor 487. Mode latch 482 is a set-reset latch which 
steady state value. REF. When this occurs, START-UP has its set input connected to the output of a comparator 490; 
WAVEFORM reaches its maximum duty cycle which there- its reset input connected to the output of a NOT ga te 48 4; 
after remains constant 65 and its inverted output, which generates the OUTPUT 

Referring now to the watchdog section 470 of the start-up MODE signaL is connected to one input of NAND gate 460 
section 450. the OUTPUT MODE input signal is connected and one input an OR gate 492. The ISNS input of the slave 
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controller 142 is connected to the non-inverting input of a 450. Once this has occurred slave controller 142 is ready to 

comparator 494. Comparator 494 has its inverting input receive commands from master controller 144. When master 

connected to 100 mV and its output, which generates the controller 144 pulses PLS+ high. START is asserted, thereby 

OVER-CURRENT RESET signal is connected to one input setting repeater latch 390 and asserting REPEATER WAVE- 

of NOR gate 466. OR gate 492 has three inputs, one being 5 FORM high. REPEATER WAVEFORM remains high until 

connected to the inverted output of latch 482; one input is master controller 144 pulses PLS- high, whereby END is 

connected to the output of comparator 491; and one input is asserted by comparator 491 and the noninverted output of 

connected to the output of comparator 494. The output of repeater latch 390 is reset, thereby negating REPEATER 

OR gate 492 is connected to the RESET input of repeater WAVEFORM. 

latch 490. The non-inverted output of latch 490. which 10 Repeater section 480 also contains a circuit to negate 

generates the REPEATER WAVEFORM signal, is con- OUT1 whenever the primary current, lp* exceeds the raaxi- 

nected to the input of OR gate 512. mum current desired in the input circuit. This feature is 

Repeater section 480 determines the signal that will intended to provide instantaneous, high speed over-current 

generate the OUT1 signal, either STAKT-UP WAVEFORM protection. Referring to FIG. 7, this circuit consists of the 

or REPEATER WAVEFORM. Upon power up of the master 15 ISNS input connected to comparator 494. The output of 

controller 144. OUT1 is the signal START-UP comparator 494 is connected to OR gate 492. A threshold 

WAVEFORM, which is generated by start-up section 450. voltage of 100 mV is connected to the inverting input of the 

Once slave controller 142 has succeeded in powering-up comparator 494. When ISNS exceeds 100 mV. comparator 

master controller 144, the repeater section 480 disables the 494 asserts OVER-CURRENT RESET, the voltage at its 

start-up section 450 and allows the master controller 144 to 20 output, thereby negating the output of latch 490 and OUT1. 

generate the REPEATER WAVEFORM signal which The ISNS input in the present embodiment is the voltage 

appears as the OUT1 signal. across resistor 243, which is used to sample the primary 

Referring to FIG. 7, PLSIN, the input from the master current, Ip. (See FIGS. 3A/3B). 

controller 144 through pulse transformer 146, has a DC Driver 510 consists of an OR gate 512 which has two 

voltage of Vcc/2. This DC voltage bias is obtained by 25 inputs. START-UP WAVEFORM and REPEATER WAVE- 

configuring amplifier 486 as a voltage buffer. One-half of FORM. The mode latch 482 ensures that both inputs cannot 

V cc is applied to the non-inverting input of amplifier 486; be simultaneously active. The output of OR gate 512 is 

therefore, ^cJ^ appears at the output of amplifier 486. The connected to the input of a driver 514 which generates a high 

only current that exists in resistor 487 is the negligible input current fast rise-time output Driver 514 is disabled when 

currents of comparator 488 and comparator 491. Thus, 30 RUN is low. thereby prohibiting any false output signals 

PLSIN has a DC bias voltage of Vcc/2. during the power-up or power-down of slave controller 142. 

After master controller 144 is powered up, the master FIG. 8 illustrates the waveforms present during the power 

controller 144 generates REPEATER WAVEFORM by up of master controller 144 and the regulation of the supply 

sending pulses. PLS+ and FLS-, to slave controller 142. At voltage after power up. As noted from FIG. 8, the under- 

the PLSIN input the pulses from master controller 144 are 35 voltage threshold is Vccuv and the upper voltage threshold 

centered at V cc /2. Comparator 488 has an input threshold is V CCT , As shown in FIG. 8. at time tl. V co the supply 

voltage of 3 xV cc /4 with its nonin verting input connected to voltage is initially at zero volts; therefore, REG linearly 

PLSIN. Thus, when the master controller 144 pulses PLS+ increases with time in an effort to regulate the supply 

high, the output of comparator 488 will assert a START voltage. Thus, from time tl until time t2. V cc linearly 

signal high. Likewise, comparator 386 has an input thresh- 40 increases with time. At time t2, V^ reaches the startup 

old voltage of VcJ* with its inverting input connected to voltage threshold, 1^ the supply current initially 

the PLSIN input Thus, if master controller 144 pulses PLS- zero, rises with time until it reaches Iccuv which is the 

high, the output of comparator 386 will assert a END signal undervoltage operating current to the master controller 144 

high. If neither FLS+ or PLS- are pulsed high, then both the during bootup. Also during time tl until time t2 UV1 is low, 

START and END signals are low. 45 thereby negating REF. Also. RUN is low. thereby disabling 

The mode latch 482 determines the waveform that will be the functions of master controller 144. 

present at OUT1. either START-UP WAVEFORM or At time t2, V^ reaches the startup voltage, V^^ and 

REPEATER WAVEFORM. Mode latch 482 is a set-reset REG is negated. At this time, UV1 is asserted and the 

latch. Before slave controller 142 is powered up, RUN is reference regulator 425 begins to function. 1^., beginning at 

low; therefore, the output of NOT gate 484 resets the output 50 time t2, is at Ices* the I^sb standby current Also note that 

of mode latch 482. Upon power up, the set input of mode during time t2 until tune t3, REF increases with time, 

latch 482 is low because master controller 144 has not been whereby reference regulator 425 has been enabled by UV1. 

powered up, and thus, there is no input at PLSIN. The At time t3. REF has reached its operating voltage. Thus, 

resetting of mode latch 482 asserts OUTPUT MODE high. RUN is asserted. Furthermore, the supply current, 1^, is now 

thereby enabling the start-up section 450. When OUTPUT 55 at its operating level, lew/* Because RUN is asserted. 

MODE is high, the repeater latch 490 is reset, thereby master controller 144 is now fully functional. Note that 

enabling the STAKT-UP WAVEFORM signal to appear at during time t3 until time t4, REG is low because the supply 

the output of the slave controller 142. The set input of the voltage, V ccs has not reached its undervoltage threshold, 

repeater latch 390 is low because no pulses are present at Vccur- 

PLSIN during start-up of the master controller 144. 60 At time t4, the supply voltage, V^, has reached the 

Master controller 144 must communicate its powered -up undervoltage threshold, V cct/V . Thus, REG is no longer 

status to slave controller 142 in order that master controller negated. The REG signal is a positive voltage used to control 

144 can begin controlling the output of the slave controller the current through transistor 166 (see FIG. 3). Note that 

144. Master controller 144 does this by pulsing PLS- high. during time t2 to time tS, a fault in external circuitry prevents 

When this occurs, comparator 491 asserts END, thereby 65 REG from sustaining V cc above V^^ 

asserting the noninverted output of mode latch 482. OUT- At time t5. V^ drops to the undervoltage threshold limit 

PUT MODE goes low, thereby disabling start-up section V cct/V and reinitiates bootup. Thus. UV1 is negated, REF is 



5,757,627 

25 26 

negated, and die RUN signal is negated. Thus, the events reaches a predefined level. Capacitor 220 is thereby 

which occurred from time tl until T5 are once again discharged, and die output of out delay 316 sets output 

repeated during time t5 to time t8. generator 304 at time t4, thereby turning on transistor 116 by 

At time t8. REG is once again asserted as drops to its asserting OUT2 high, 

undervoltage threshold, Vccu* However, unlike at time t4, 5 Referring to FIG. 5 and FIG. 9, capacitor 218 is chosen so 

no fault exists in external circuitry, thereby allowing REG to the delay introduced by FLS+ delay 318. during time tl until 

regulate From time t8 to time t9. the signal REG time t2, will allow capacitor 114, the parasitic drain-source 

controls transistor 166 which in turn regulates V^. is capacitance of transistor 110. to discharge. This delay is 

held at the regulation voltage. V CCIJ , during the time from preferably one-fourth of the LC time constant on the primary 

T8 until time t9. Thus, at time t8. power up of the master io side, which is determined by the total primary inductance in 

controller 144 has occurred. combination with the capacitance seen across the terminals 

At time t9, a fault in external circuitry causes overvoltage of the primary transistor 110 in the off state, 

on V cc . During the time from time t9 until time tlO. V cc The delay from time t3 until time t4 allows parasitic 

increases until it reaches the maximum voltage. V ccc . capacitor 122 to "ring down" after the switching off of 

At time tlO, V cc is clamped to V ccc . Note that at this 15 transistor 110 and before the switching on of transistor 116. 

maximum operating supply voltage, the supply current. Ice, Both delay 316 and PLS+ delay 318 generate delay periods 

is limited to 1^ the maximum supply current. set by external capacitors, capacitor 220 and capacitor 218, 

FIG. 9 illustrates the OUT2, PLS-, and PLS+ signals respectively, 

generated by master controller 144. These are the signals Referring again to FIG. 5 and FIG. 9, from time t4 until 

present once master controller 144 has powered up, and the 20 time t8 is the on-time of transistor 116. This time period 

power supply is operating in steady state. Note that OUT2 consists of two delays: IPOS DLY and INEG DLY. IPLS 

is tied to the gate of transistor 116, thereby controlling the DLY is a small fixed delay added to the start of the sequence 

on and off switching of transistor 116. Master controller 144 to allow time for die ENS input to stabilize below zero 

pulses PLS+ high in order to communicate to slave control- volts. As can be seen from FIG. 5, IPOS latch 326 is disabled 

ler 142 to turn on transistor 110. Master controller 144 25 during the fixed delay introduced by IPOS delay 328. IPOS 

pulses PLS- high to communicate to slave controller 142 to delay 328 introduces a maximum delay of 80 ns. This delay 

turn off transistor 110. Therefore, in FIG. 9, the time from is the minimum on-time of OUT2. The INEG DLY from 

time t4 until time t8, is the on-time transistor 116. and the time t5 until time t6 is the delay introduced to allow enough 

time from T2 until time t3 is the on-time of transistor 110. energy to be transferred from the output circuit 108 of back 

At time tl, the output generator 304 has been reset by 30 into the input circuit 106 to allow capacitor 114 to discharge 
output timer 302, thereby asserting OUT2 low. There are when transistor 110 is thereafter turned on. At time tS, the 
several delays which comprise the off-time of OUT1. The secondary current. l& has gone negative, thereby transfer- 
first of these delays is generated by FLS+ delay 318. As ring energy back into transformer 100. As shown in FIG. 9. 
shown in FIG. 9, during the time from time tl to time t2, die the INEG DLY is the time it takes signal T3, the voltage of 
input signal T2 ramps from zero to a predefined level When 35 capacitor 222, to go from zero volts to the voltage sampled 
at time t2 the signal T2 ramp voltage has reached its trigger by sample and hold circuit 330, V 5W . (Note that capacitor 
level the high OUT RESET signal then passes through 222 is fed by a constant current, and has a trip voltage much 
delay 318 to the SET input of pulse generator 308. Hius, smaller than Vout, so a linear relationship is achieved.) At 
FLS+ delay 318 introduces the delay from time tl to time t2. time t8, signal T3 reaches the sample and hold voltage, V w . 

After this delay, latch 309 is set. thereby pulsing high 40 and the OUT RESET signal is asserted, thereby negated 

PLS+. This occurs at time t2. Thus, at time t2 transistor 110 OUT2. 

is turned on by slave controller 142. Also at time t2, FIG. 10 illustrates detail A of FIG. 9. thereby showing the 

SAMPLE is asserted, thereby enabling sample and hold time between the transition of OUT2 from high to low and 

circuit 330. Thus, the voltage of secondary auxiliary wind- the charging of capacitor 218. Referring to FIG. 9 and FIG. 

ing 136 is sampled from time t2 to time t3. During this 45 10, at time tl, OUT2 goes from high to low. After a delay 

period, the voltage present at auxiliary winding 136 is a Itltrjo* which represents the propagation input delay of 

sample of the input voltage, whereby transistor 110 is on, delay 318, signal T2 begins to ramp upward at time t2. At 

thereby allowing the input voltage, V /v . to exist across time t3, signal T2 reaches its upper threshold voltage, V^^. 

inductor 102. Also at time t2. the voltage of capacitor 144 is which is 90 percent of the peak voltage of signal T2. The 

discharged. Furthermore, at time t2, PWM 306 is enabled, 50 PLS+ signal is then pulsed high after a propagation delay of 

thereby introducing a delay from time t2 to time t3. This is T„^ from time t3, the time at which signal T2 reaches its 

the delay between the turning on of transistor 110 by the threshold voltage, V^^. T^™ represents the threshold 

pulsed PLS+ signal and the turning off of transistor 110 discharge time delay, the time which it takes signal T2 to go 

through the pulsed PLS- signal when PWM 306 asserts the from back to V„„, again. T^ is the fall time of 

PLS RESET signal high- The delay introduced during time 55 signal T2. This represents the time it takes signal T2 to go 

t2 to time t3 controls the on-time of transistor 110. This from 90 percent of its peak voltage to ten percent of its peak 

delay is subject to the feedback control network 160. thereby voltage. T^, represents the propagation delay between 

allowing feedback voltage control from the output control signal T2 reaching and die assertion of SAMPLE 

for the on-time of transistor 110 and the associated off-time high, thereby enabling sample and hold circuit 330. T^ 

of transistor 116. 60 represents the propagation delay between signal T2 reaching 

At time t3. PWM 306 asserts PLS RESET high, thereby its threshold voltage, and the enabling of the RAMP 

resetting pulse generator 308. Thus, at time t3. the PLS- input signal of PWM 306. 

signal is pulsed high, thereby communicating to slave con- FIG. 11 illustrates detail B of FIG. 9, thereby showing the 

troller 142 to turn off transistor U0. The final delay of the delays present from time t2 until time t5 of FIG. 9. The 

off-time of transistor 116 is set by out delay 316. Signal Tl. 6S RAMP input signal at time tl begins to ramp up until it 

the voltage across capacitor 220 (see FIG. 5), then rises reaches its threshold value, V^. which is equal to the 

above zero, thereby enabling out delay 316 when signal Tl ERROR signaL T^ represents the time it takes the RAMP 
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input signal to go from to its peak voltage. after a propagation delay. As seen from FIG. 13. at time tl. 
represents the fall time of the RAMP input signal. Turning OUT2 is asserted; however, signal T3 is not asserted until 
now to signal Tl, T n TOO is the propagation delay between after propagation delay T^,,. the delay introduced by IPOS 
RAMP reaching its threshold voltage, V^, and the charg- delay 328 and other propagation delays. Similarly, at time t3, 
ing of capacitor 220, Thus, at time t3, signal Tl ramps 5 OUT2 is negated and represents the propagation 
upward until it reaches its threshold voltage V^, at time t6. delays before signal T3 is negated. 
T TA7W is the time for signal Tl to go from its threshold value, FIG. 14 is an illustration of the voltages and currents of 
v ru/ to its maximum peak voltage. T^ is the fall time of slave controller 142 during start-up and subsequently during 
signal Tl. Turning now to the PLS- signal T^ is the the regulation of the supply voltage and REE Referring to 
propagation delay from when RAMP reaches its threshold FIG. 14 at FIG. 3, upon power up at time tl. BOOT, the 
voltage, Vjto, to when die PLS- signal is pulsed high at signal that drives the gate of transistor 264. which thereby 
time t4. Turning now to OUT2, OUT2 is asserted after a connects the voltage supply to bleed resistor of resistor 206 
propagation delay T„ 0 . which represents the delay from the and resistor 210, gradually ramps upward from time tl until 
time signal Tl reaches at time t6 to when OUT2 is time t2. This increasing gate voltage on transistor 264, 
asserted at time t7. Turning now to sample and hold circuit decreases the drain-source voltage of transistor 264, thereby 
330 input S&H, T rew represents the propagation delay 15 allowing the supply voltage, V co to ramp toward the 
between the time RAMP reaches its threshold voltage, startup voltage, V ccsr at time t2. As noted from FIG. 14. 
V^. at time t2, to when the SAMPLE input and the S&H 1^ initially zero at Tl, ramps upward to the supply 
input are negated at time t5, thereby initializing a hold of the standby current Also, as can be seen from FIG. 14. the RUN 
voltage sampled by sample and hold circuit 330. signal, the UV1 signal, the REG signal and the REF signal 
FIG. 12 is Detail C of FIG. 9 which illustrates die delays 20 are all held low during time ti to time t2. is the 
generated during the on-time of transistor 116. As shown in undervoltage threshold of voltage regulator 422. REG 
FIG. 5, a test signal. SIGNAL, and the OUT2 signal are remains low until the supply voltage, V cc , goes below 
connected to a test network 360 to test the delay introduced V cct/I? . As can be seen from FIG. 14, this occurs at time t4 
by the ISNS input In test network 360, the drain of a at which time REG attempts to regulate the supply voltage 
transistor 323 is connected to a SIGNAL; the gate of 25 by asserting a positive value. When reaches V ccsr at 
transistor 323 is connected to OUT2; and the source of time t2, the UV1 signal is asserted by UVLO 300, thereby 
transistor 323 is connected to the ISNS input the cathode of enabling reference regulator 422 and pulling BOOT low, 
a diode 331 and the cathode of a diode 329. The anode of When the UV1 signal is asserted at time t2, REF ramps 
diode 331 is connected to SIGNAL. The anode of diode 329 upward from time t2 to time t3 until it reaches its threshold 
is connected to ground. The drain of a transistor 325 is 30 voltage, V^. Upon this occurrence, the RUN signal is 
connected to SIGNAL, the source of transistor 325 is asserted, thereby fully enabling the unctions of slave con- 
connected to ground; and the gate of transistor 325 is troller 142. Also in FIG. 14 at time t3 when RUN is asserted, 
connected to OUT2. The anode of a diode 327 is connected Ic C reaches Iccoi* the operating current of slave ontroller 
to SIGNAL and the cathode of diode 327 is connected to 142. At time t3. slave controller 142 has achieved powerp. 
ground. 35 The time period from time t2 to time t5 represents a fault in 
Diode 331 and diode 327 clamp the voltage swing of external circuitry which allows the supply voltage to drop 
transistor 323 and transistor 325, respectfully. Both transis- from Vccst to its undervoltage threshold, Vccur As pre- 
tor 325 and transistor 323 are turned off when OUT2 is low. viously mentioned REG attempts to regulate when 
SIGNAL is a test current When OUT2 is asserted, transistor drops to V ccl/Jf ; however, as shown in FIG. 14, REG is 
323 and transistor 325 turn on, thereby allowing the test 40 unsuccessful in doing this from time t4 to time tS. Therefore, 
current SIGNAL to generate a ramping voltage across the at time t5, drops to V ccl/v * thereby initiating reset of the 
resistance provided by diode 329. power up. At time t8, power up has been successfully 
Referring to FIGS. 5 and 1Z At time tl, OUT2 is asserted; completed, whereby is operating at V CCiP , the ideal 
however. IPOS ENABLE, the dear input of IPOS latch 326, regulated voltage of V cc . From time t9 to time tlO, a fault 
is not asserted until a propagation delay of T /CM . which 45 in external circuitry causes the supply voltage, V^, to ramp 
represents the internal delay introduced by IPOS delay 328. upward until it reaches Vccc^ tne maximum input voltage 
Delay 328 ensures that comparator 324 is stabilized before allowed, l^cc 15 ^ maximum supply current limit 
the ISNS signal is sampled. Shown in FIG. 12 is the FIG. 15 illustrates the tuning of oscillator 456. At time tl, 
SIGNAL test current which is tantamount to -l s (see FIG. capacitor 240 begins to charge; therefore, FREQ ramps 
1). Referring to FIG. 12, when ISNS reaches its threshold 50 upward from time tl until time t2. At time t2 FREQ reaches 
voltage V /7W , signal T3 begins to ramp upwards after a its upward threshold voltage V^-^. The time for FREQ to go 
propagation delay T^^. Signal T3 ramps upward from from its threshold voltage, V^, to its peak value at time t3 
time t4 until time t5 when signal T3 reaches the threshold is equal toT^. At time t4 FREQ begins to fall to its lower 
voltage V^n,, which represents the voltage sampled by threshold level V FTOC? , thereby triggering startup latch 46Z 
sample and hold circuit 330, V OT . Time 15 to time t6 55 At time t5, after a propagation delay T^-mo* FREQ once 
represents the propagation delay from the time signal T3 again ramps upward as capacitor 240 begins to charge again, 
reaches its threshold voltage, V„ w at time tS, to when OUT2 is asserted at time t7, after a propagation delay T FO , 
signal T3 goes low at T6. Note that IPOS ENABLE does not from time t4 when FREQ reaches the oscillator 456 trigger 
go low until propagation delay T /a _, which represents the voltage, ^rrfuo- At * rcaches v p*tw which ^ 
delay introduced by IPOS delay 328. Capacitor 223 is 60 approximately equal at this time to SS. At time t8 the output 
discharged after propagation delay T nws which occurs after of PW comparator 364 is asserted; however, capacitor 257 
OUT2 is negated. The signal current of test circuit 360 is not discharged until after a propagation delay. T pwm . 
remains turned on until time t8; however, in the present Furthermore. OUT2 is not negated until time t9 which 
embodiment, the secondary current I$s would drop to zero consists of a propagation delay Tpwo from time t8 when PW 
after the transition of OUT2 from high to low at time t6. 65 reaches its threshold voltage, V PW th- 

FIG. 13 is another test configuration with ISNS held high FIG. 16 illustrates the "soft start* of START-UP WAVE- 

and capacitor 222 removed, thereby pulling signal T3 high FORM generated by slave controller 142. This signal 
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appears at OUT1 until master controller 144 achieves power 
up. As can be seen from FIG. 16, after the RUN signal is 
asserted at time t2, the duty cycle of OUT2 gradually 
increases over time until it reaches its maximum duty cycle 
at time t9, thereby completing the soft start. Accordingly, the 
self start voltage. SS. begins ramping upward at time t2 until 
it reaches its steady state value at time t9. FW, the pulse 
width voltage, begins ramping upward up at time tl; 
however. FW does not exceed until SS reaches V PWL 
at time t3. After this occurrence, OUT1 is asserted. As can 
be seen from FIG. 16. after a propagation delay T FWTRJG 
from the falling edge of the FREQ signal. FW begins 
ramping upward until it reaches SS. OUT1 then goes low 
after a propagation delay of Tpwo- This ** shown in FIG. 16 
during time t7 to time t8. Also shown in FIG. 8 is the 
propagation delay T FO which is the period from time t4 at 
which FREQ has a falling edge until OUTl is asserted at 
time t6. At time t9 when SS reaches its steady state value, 
OUTl has its maximum on-time, thereby completing the 
soft start. 

FIG. 17 illustrates the watch dog operation of slave 
controller 142. As shown in FIG. 17, at time tl UVLO 300 
asserts the UV1 signal; therefore, PW rises to its lower limit 
V FWL . At time t2, UVLO 300 asserts the RUN signal, and 
pulses begin to appear at OUTl. Also shown in FIG. 17 is 
the DC bias voltage of PLSIN which is V^. Time t2 to 
time t3 constitutes the watchdog timeout period for the 
start-up of master controller 144. Time t3 to time t4 consti- 
tutes the watchdog reset period. At time t4, start-up is 
reinitiated. From time t3 to time t4 the watchdog circuit 370 
(see FIG. 7) holds startup section 350 in reset. Referring to 
FIG. 17 and FIG. 7, initially capacitor 248 has no charge; 
therefore, WD is equal to zero volts at time t2. During the 
start-up cycle beginning at time t2, WD begins to ramp 
upward, whereby capacitor 248 starts to charge. WD ramps 
upward until it reaches its watchdog threshold voltage, 
V WDJ7i > at time t3. At time t3, the watchdog reset is then 
initiated, thereby discharging capacitor 248 and lowering 
WD until WD reaches its lower threshold limit, V^u^ the 
watchdog reset threshold value, at time t4. 

FIG. 18 illustrates all three phases of the slave controller 
142: power-up, start-up and operate. At time tl. the RUN 
signal is asserted, thereby ending the power up cycle of the 
slave controller 142. Thus, the start up of master controller 
144 begins at time tl with the soft start portion of the start-up 
cycle reaching its completion at time t2. The start-up cycle 
then continues until time t3 at which time a pulsed PLS- 
signal is detected at the PLSIN input As discussed earlier, 
when the PLS+ and the PLS- outputs of master controller 
144 are connected differentially, a pulsed PLS- signal is 
negative as compared to a pulsed PLS+ signal. The pulsed 
PLS- signal terminates the startup cycle of slave controller 
142, thereby communicating to slave controller 142 that 
master controller 144 has powered up. Prom time t3 on. the 
output of slave controller 142. as shown in FIG. 18, is 
controlled through the PLSIN input to slave controller 142. 
thereby generating REPEATER WAVEFORM which 
appears as OUTl. 

Some other design features in the presently preferred 
embodiment described above include the following: 
The presently preferred embodiment includes a bootstrap 
relation which lets the primary high-voltage source 
supply the VCC power during the start-up phase, and 
then disconnects this input-derived power supply. 
The presently preferred embodiment includes a self- 
regulating relationship wherein the primary regulates 
its own VCC supply. 



On the primary side, the control signals from the second- 
ary are received at a sensitive high-impedance input, so 
that a positive pulse is translated to a "start" command, 
and a negative pulse is translated to an "end" command. 
The pulse transformer is preferably quite small; for 
example it may use a magnetic element which is as 
small as 0.14 inches in diameter, by 0.05 inches high. 
The rffimary-side circuitry, in the presently preferred 
embodiment includes a watchdog timer to initiate 
start-up. 

The primary, in the presently preferred embodiment, uses 
a softstart control relationship, where it starts at zero 
pulse width and then gradually increases to the pro- 
grammed maximum pulse width. 
The presently preferred embodiment uses a pulse genera- 
tor in the secondary which generates bipolar pulses for 
communication back to the primary, without using a 
negative supply. (This is achieved by using switches to 
selectably reverse the terminals of the pulse output.) 
The presently preferred embodiment uses a non- 
dissipative method of simulating current consumption 
without sensing current (which would be dissipative). 
The presently preferred embodiment provides logarithmic 
bias to the ramp generator, to get constant power output 
under variable frequency operation. This idea is 
described in copending U.S. application Ser. No. 
08/617,597, now U.S. Pat. No. 5,680,036, which is 
hereby incorporated by reference. 
In the presently preferred embodiment, bootstrap control 
for start-up operation is also provided on the secondary 
side. See U.S. Pat No. 5,459,652. which is hereby 
incorporated by reference. 
The presently preferred embodiment uses a sample and 
hold relationship, so that the value of V^ is sampled 
during an on state, and this value is subsequently used 
during the off cycle to provide a control relationship 
during the off cycle. 
FIG. 19 shows a portable computer including a power 
converter 800 as in FIG. 1. which is used to charge the 
battery 802. The power converter is connected, through a 
full-wave bridge rectifier 120, to draw power from AC 
mains, and is connected to provide a DC voltage to the 
battery. The battery 802 (or the converter 800), connected 
through a voltage regulator 804, is able to power the 
complete portable computer system, which includes, in this 
example: 

user input devices (e.g. keyboard 806 and mouse 808); 
at least one imcroprocessor 810 which is operatively con- 
nected to receive inputs from said input device, through an 
interface manager chip 811 (which also provides an interface 
to the various ports); 

memory (e.g. flash memory 812 and RAM 816), which is 
accessible by the microprocessor, 

a data output device (e.g. display 820 and display driver card 
822) which is connected to output data generated by micro- 
processor; and 

a magnetic disk drive 830 which is read-write accessible, 
through an interface unit 831. by the microprocessor 810. 
60 Optionally, of course, many other components can be 
included, and this configuration is not definitive by any 
means. 

According to a disclosed class of innovative 
embodiments, there is provided: A power conversion 
system, comprising: a first transformer having primary and 
secondary windings which are inductively coupled together, 
at least one said secondary winding being operatively con- 
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nected to supply a power output connection; a first switch, in combination, being operatively connected to receive a 

which is operatively connected to said primary winding to power input voltage; a secondary-side controller which does 

vary the voltage and/or current across said primary winding; not have any DC connection to said primary winding; and a 

said first switch and said primary winding, in combination, primary-side controller which is connected to operate said 

being operatively connected to receive a power input volt- 5 switch, in a first mode of operation, in an open-loop mode 

age; a secondary-side controller which does not have any to provide power through an isolating element to said 

DC connection to said primary winding; and a primary-side secondary-side controller, and, in a second mode of 

controller which is connected to operate said switch, in a operation, under control of said secondary-side controller; 

first mode of operation, in an open-loop mode to provide said secondary-side controller being connected to monitor 

power through an isolating element to said secondary-side 10 the power drawn from said output connection, and. during 

controller, and in a second mode of operation, under control said second mode of operation, to operate said switch 

of said secondary-side controller; said secondary-side con- accordingly; and an output capacitor having a first terminal 

troller being connected to monitor the power drawn from operatively connected to a first terminal of said secondary 

said output connection, and. during said second mode of winding, and a second terminal operatively connected to a 

operation, to operate said switch accordingly; whereby said 15 second terminal of said secondary winding through an 

controller can operate efficiently without exposure to over- output rectification element 

voltages which may appear on said primary winding. According to another disclosed class of innovative 

According to another disclosed class of innovative embodiments, there is provided: A switched-raode power 

embodiments, there is provided: A power supply subsystem, conversion method, comprising the steps of: (a.) providing 

comprising: a full-wave rectifier subcircuit which is con- 20 power to a primary winding of a transformer, while repeat- 

nected to receive an AC power line voltage, and to generate edly operating a first switch, which is operatively connected 

a full-wave-rectified voltage therefrom on a pair of DC to said primary winding, to vary the voltage and/or current 

supply lines; an input capacitor connected across said DC across said primary winding; (b.) drawing power from a 

supply lines; an isolated power conversion circuit which is secondary winding of said transformer, to provide a 

connected to receive said DC supply lines as supply voltage 25 secondary-side voltage which is operatively connected to 

inputs, and which includes a first transformer having pri- supply a power output connection; wherein said step (a.) is 

mary and secondary windings which are inductively coupled performed in either of two modes: (a. 1 .) in a first mode of 

together, at least one said secondary winding being opera- operation, operating said switch in an open-loop mode to 

lively connected to supply a power output connection; a first provide power through said transformer to a controller 

switch, which is operatively connected to said primary 30 which does not have any DC connection to said primary 

winding to vary the voltage and/or current across said winding; and (a.2.) during a second mode of operation, 

primary winding; said first switch and said primary winding, monitoring the power drawn from said output connection, 

in combination, being operatively connected to receive a and operating said switch accordingly, under control of said 

power input voltage; a secondary-side controller which does controller, while powering said controller from said 

not have any DC connection to said primary winding; and a 35 secondary-side voltage; whereby said controller can operate 

primary-side controller which is connected to operate said efficiently without exposure to overvoltages which may 

switch, in a first mode of operation, in an open-loop mode appear on said primary winding. 

to provide power through an isolating element to said According to another disclosed class of innovative 
secondary-side controller, and in a second mode of embodiments, mere is provided: A flyback converter corn- 
operation, under control of said secondary-side controller; 40 prising: a transformer having a primary winding and a 
said secondary-side controller being connected to monitor secondary winding; means for providing an input voltage to 
the power drawn from said output connection, and, during a first terminal of said primary winding; a first switch having 
said second mode of operation, to operate said switch an inherent capacitance, a series switched path and a control 
accordingly; and an output filter connected to smooth the input for activating said first switch, said scries path con- 
output of said power conversion circuit 45 nected between a second terminal of said primary winding 
According to another disclosed class of innovative and primary side ground; a capacitor connected between a 
embodiments, mere is provided: A portable computer first terminal of said secondary winding and secondary side 
system, comprising: a user input device; a microprocessor ground; a second switch having an inherent capacitance, a 
operatively connected to receive inputs from said input series switched path and a control input for activating said 
device; memory which is read/write accessible by said 50 second switch, said series path connected between a second 
microprocessor, a data output device operatively connected terminal of said secondary winding and secondary side 
to output data generated by said microprocessor; and a ground; an unidirectional current device having a first ter- 
power connection for drawing power from AC mains, and a minal and a second terminal, said first terminal of said 
power supply connected to said power connection; wherein current device connected to secondary side ground and said 
said power supply comprises: a full- wave rectifier subcircuit 55 second terminal of said current device connected to said 
which is connected to receive an AC power line voltage, and second terminal of said secondary winding, wherein current 
to generate a full- wave-rectified voltage therefrom on a pair flows from said first terminal of said current device to said 
of DC supply lines; an input capacitor connected across said second terminal of said current device; and means for 
DC supply lines; an isolated power conversion circuit which providing control signals to said control inputs of said first 
is connected to receive said DC supply lines as supply 60 and second switches, said first control signal provided to 
voltage inputs, and which includes a first transformer having turn on said first switch and subsequently turn off said first 
primary and secondary windings which are inductively switch when the current flowing from said first terminal of 
coupled together; at least one said secondary winding being said primary winding to said second terminal of said primary 
operatively connected to supply a power output connection; winding reaches a desired maximum value, said second 
a first switch, which is operatively connected to said primary 65 control signal provided to turn on said second switch after 
winding to vary the voltage and/or current across said the voltage of said capacitance of said second switch reaches 
primary winding; said first switch and said primary winding. a first small amount and subsequently turn off said second 
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switch when (he current flowing from said second terminal 
of said secondary winding to said first terminal of said 
secondary winding reaches a desired minimum value, and 
said first control signal provided to subsequently turn on said 
first switch when the voltage of said capacitance of said first 
switch reaches a second small amount. 

Modifications and Variations 

The foregoing disclosure and description of the inventions 
are illustrated and explanatory thereof, and various changes 
in the size, shape, materials, components, circuit elements, 
wiring connection and contacts as well as in the details of the 
illustrated circuitry and construction may be made without 
departing from the spirit and scope of die invention. 

For example, as will be obvious to those of ordinary skill 
in the art other circuit elements can be added to. or 
substituted into, the specific circuit topologies shown. 

For another example, within the constraints well-known 
to those of ordinary skill, power MOS transistors can be 
replaced by IGBT and/or MCT devices, with appropriate 
allowance for reduced turn-off times. In some applications 
power bipolar devices can also be used. 

Also, while the preferred implementation uses an output 
diode parallel with the switching transistor in the secondary, 
it is alternatively possible to use only the switching transis- 
tor and not the output diode. However, this requires more 
precise control of switching, and is not preferred. 

Preferably the switch on the input side is turned back on 
after its voltage has been reduced by at least 50% (and more 
preferably by at least two-thirds; however, the timing can 
easily be adjusted, using the innovations described, to fur- 
ther reduce the voltage at turn-on. 

As will be recognized by those skilled in the art the 
innovative concepts described in the present application can 
be modified and varied over a tremendous range of 
applications, and accordingly the scope of patented subject 
matter is not limited by any of the specific exemplary 
teachings given, but is only defined by the issued claims. 

It should be noted mat the innovative control architecture 
is not limited to the flyback converter configuration illus- 
trated. The disclosed innovations are applicable to almost 
any converter topology— e.g. forward, bridge, half-bridge, 
Cuk, isolated Cuk, Sepik, isolated Sepik, etc. etc. — although 
the innovative control architecture b more advantageous in 
some topologies than in others. For example, mis controller 
architecture is particularly advantageous in the reciprocating 
converter topology of the presently preferred embodiment 
More generally, this controller architecture is particularly 
advantageous in circuit configurations which use a switching 
transistor on the secondary side, for synchronous rectifica- 
tion. This controller architecture is also particularly advan- 
tageous with step-down transformer configurations (such as 
off-line converters), where the voltage on the secondary side 
is much lower than on the primary side. This controller 
architecture is also particularly advantageous with configu- 
rations (such as 220 V off-line converters), where the voltage 
on the primary side is relatively high. 

In alternative embodiments, the function of coupling 
through enough power to start up the controller in die 
secondary can be done in various ways. Hie electrical 
elements which do this should be robust, but there are many 
ways to implement such robust elements. In the presently 
preferred embodiment this is done by using a slave control- 
ler to operate the primary switch, but alternatively the AC 
variation for this startup power can even be supplied by a 
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passive oscillator which is driven by a harmonic of the 
power-line frequency, by a triac circuit, by a circuit which 
includes an unstable gas discharge, or by a mechanical 
vibrator. While these embodiments are not economically 
attractive, they do show the scope of variation which is 
permitted by the disclosed innovative concepts. 

Similarly, the startup power does not strictly have to be 
coupled through an additional secondary winding of the 
main inductor, but alternatively can be coupled through a 
secondary inductor or a coupling capacitor. 

What is claimed is: 

1. A power conversion system, comprising: 

a first transformer having primary and secondary wind- 
ings which are inductively coupled together; at least 
one said secondary winding being operatively con- 
nected to supply a power output connection; 

a first switch, which is operatively connected to said 
primary winding to vary the voltage and/or current 
across said primary winding; said first switch and said 
primary winding, in combination, being operatively 
connected to receive a power input voltage; 

a secondary-side controller which does not have any DC 
connection to said primary winding; and 

a primary-side controller which is connected to operate 
said first switch, 

in a first mode of operation, to provide power in an 
open-loop mode through an isolating element to said 
secondary-side controller, and 
in a second mode of operation, under control of said 
secondary-side controller; 
said secondary-side controller being connected to monitor 
the power drawn from said output connection, and, 
during said second mode of operation, to operate said 
switch accordingly; 
whereby said secondary-side controller can operate effi- 
ciently without exposure to overvoltages which may 
appear on said primary winding. 

2. TTie power conversion system of claim 1, wherein data 
communication between said primary- side and secondary- 
side controllers is provided through a pulse transformer 
which is separate from said first transformer. 

3. The power conversion system of claim 1. further 
comprising a second switch connected to said secondary 
winding and connected to be controlled by said secondary- 
side controller. 

4. The power conversion system of claim 1, wherein said 
secondary-side controller is connected to change said 
primary-side controller from said first mode to said second 
mode. 

5. The power conversion system of claim 1, wherein more 
than 100 times as much power is transferred in said second 
mode as in said first mode. 

6. A power supply subsystem, comprising: 

a full-wave rectifier subcircuit which is connected to 
receive an AC power line voltage, and to generate a 
full-wave-rectiiied voltage therefrom on a pair of DC 
supply lines; 

an input capacitor connected across said DC supply lines; 
an isolated power conversion circuit which is connected 

to receive said DC supply lines as supply voltage 

inputs, and which includes 

a first transformer having primary and secondary wind- 
ings which are inductively coupled together, at least 
one said secondary winding being operatively con- 
nected to supply a power output connection; 

a first switch, which is operatively connected to said 
primary winding to vary the voltage and/or current 
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across said primary winding; said first switch and 
said primary winding, in combination, being opera- 
tively connected to receive said full-wave-rectified 
voltage; 

a secondary-side controller which does not have any 5 
DC connection to said primary winding; and 

a primary-side controller which is connected to operate 
said first switch. 

in a first mode of operation, in an open-loop mode to 
provide power through an isolating element to 10 
said secondary-side controller, and 
in a second mode of operation, under control of said 
secondary-side controller; 
said secondary-side controller being connected to 
monitor the power drawn from said output 15 
connection, and, during said second mode of 
operation, to operate said switch accordingly ; and 
an output filter connected to smooth die output of said 
power conversion circuit. 

7. The subsystem of claim 6, wherein said secondary-side 20 
controller is connected to change said primary-side control- 
ler from said first mode to said second mode. 

8. The subsystem of claim 6, wherein data communication 
between said primary-side and secondary-side controllers is 
provided through a pulse transformer which is separate from 25 
said first transformer. 

9. The subsystem of claim 6. further comprising a second 
switch connected to said secondary winding and connected 
to be controlled by said secondary-side controller. 

10. A portable computer system, comprising: 30 
a user input device; a microprocessor operative ly con- 
nected to receive inputs from said input device; 
memory which is read/write accessible by said micro- 
processor; a data output device operatively connected ^ 
to output data generated by said microprocessor; and a 
power connection for drawing power from AC mains, 
and a power supply connected to said power connec- 
tion; wherein said power supply comprises: 

a full-wave rectifier subcircuit which is connected to ^ 
receive an AC power line voltage, and to generate a 
full-wave-rectified voltage therefrom on a pair of DC 
supply lines; 

an input capacitor connected across said DC supply lines; 
an isolated power conversion circuit which is connected 45 

to receive said DC supply lines as supply voltage 

inputs, and which includes 

a first transformer having primary and secondary wind- 
ings which are inductively coupled together; at least 
one said secondary winding being operatively con- 50 
nected to supply a power output connection; 

a first switch, which is operatively connected to said 
primary winding to vary the voltage and/or current 
across said primary winding; said first switch and 
said primary winding, in combination, being opera- 55 
tively connected to receive said full-wave-rectified 
voltage; 

a secondary-side controller which does not have any 
DC connection to said primary winding; and 

a primary- side controller which is connected to operate 60 
said first switch, in a first mode of operation, in an 
open-loop mode to provide power through an iso- 
lating element to said secondary-side controller, and. 
in a second mode of operation, under control of said 
secondary-side controller, 65 

said secondary-side controller being connected to 
monitor the power drawn from said output 
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connection, and, during said second mode of 
operation, to operate said switch accordingly; and 
an output capacitor having a first terminal operatively 
connected to a first terminal of said secondary winding, 
and a second terminal operatively connected to a sec- 
ond terminal of said secondary winding through an 
output rectification element 

11. The system of claim 10. wherein said secondary-side 
controller is connected to change said primary- side control- 
ler from said first mode to said second mode. 

12. The system of claim 10, wherein said second switch 
is connected between said additional winding and said 
second power input connection. 

13. The system of claim 10, wherein data communication 
between said primary-side and secondary- side controllers is 
provided through a pulse transformer which is separate from 
said first transformer. 

14. The system of claim 10, further comprising a second 
switch connected to said secondary winding and connected 
to be controlled by said secondary-side controller. 

15. A switched-mode power conversion method, compris- 
ing the steps of: 

(a.) providing power to a primary winding of a 
transformer, while repeatedly operating a first switch, 
which is operatively connected to said primary 
winding, to vary die voltage and/or current across said 
primary winding; 

(b.) drawing power from a secondary winding of said 
transformer, to provide a secondary-side voltage which 
is operatively connected to supply a power output 
connection; 

wherein said step (a.) is performed in either of two modes: 
(a.1.) in a first mode of operation, operating said first 
switch in an open-loop mode to provide power 
through said transformer to a controller which does 
not have any DC connection to said primary wind- 
ing; and 

(a.2.) during a second mode of operation, monitoring 
the power drawn from said output connection, and 
operating said first switch accordingly, under control 
of said controller, while powering said controller 
from said secondary-side voltage; 
whereby said controller can operate efficiently without 

exposure to overvoltages which may appear on said 

primary winding. 

16. The method of claim 15. wherein said secondary-side 
controller is connected to change said primary-side control- 
ler from said first mode of operation to said second mode of 
operation. 

17. The method of claim 15. wherein data communication 
between said primary-side and secondary-side controllers is 
provided through a pulse transformer which is separate from 
said first transformer 

18. The method of claim 15, further comprising a second 
switch connected to said secondary winding and connected 
to be controlled by said secondary-side controller. 

19. A power converter comprising: 

a transformer having a primary winding and a secondary 
winding; 

means for providing an input voltage to a first terminal of 
said primary winding; 

a first switch having an inherent capacitance, a series 
switched path and a control input for activating said 
first switch, said series path connected between a 
second terminal of said primary winding and primary 
side ground; 
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a capacitor connected between a first terminal of said and said primary current sensor for determining the current 

secondary winding and secondary side ground; in said primary winding, 
a second switch having an inherent capacitance, a series The power converter of claim 23. wherein said pri- 

switc^edpaA .and la control ^-fj^ , ^SJS^ 

second switch, said senes path connected between a * & ^^^^ sensor coup]ed between said first ter- 
second terminal of said secondary winding and sec- minal of said secondary winding and secondary side ground; 
ondary side ground; and espied to said means for providing control 
an unidirectional current device having a first terminal signals and said secondary current sensor for detennining 
and a second terminal, said first terminal of said current the current in said secondary winding, 
device connected to secondary side ground and said 10 26. The power converter of claim 19, wherein said trans- 
second terminal of said current device connected to former includes an auxiliary winding, and further compris- 
said first terminal of said secondary winding, wherein j D g means coupled to said auxiliary winding and said means 
current flows from said first terminal of said current f or providing control signals for determining said DC input 
device to said second terminal of said current device; voltage. 

and 1 27. The power converter of claim 19, further comprising: 

means for providing control signals to said control inputs means for determining the voltage across said series 

of said first and second switches, switched path of said second switch; and a third switch 

said control signals including a first control signal having a series switched path and a control input for 

provided to turn on said first switch and subsequently activating said third switch, said series path coupled 

turn off said first switch when the current flowing between said second terminal of said secondary winding and 

from said first terminal of said primary winding to said means for detennining voltage of said second switch, 

said second terminal of said primary winding reaches and said control input of said third switch connected to said 

a desired maximum value, means for providing control signals. 

said control signals also including a second control ^ 28. The power converter of claim 27, wherein said third 

signal provided to turn on said second switch after switch is a field-effect-transistor. 

the voltage of said capacitance of said second switch 29. The power converter of claim 19. wherein said trans- 
reaches a first small amount and subsequently turn former includes an auxiliary winding, and further compris- 
off said second switch when the current flowing from ing means coupled to said auxiliary winding and said means 
said second terminal of said secondary winding to ^ for providing control signals for deter minin g the voltage 
said first terminal of said secondary winding reaches across said series switched path of said first switch, 
a desired minimum value, and said first control 30. The power converter of claim 19, wherein said first 
signal provided to subsequently turn on said first switch is a field-effect-transistor. 

switch when the voltage of said capacitance of said 31. The power converter of claim 19, wherein said second 

first switch reaches a second small amount 35 switch is a field-eflfect-transistor. 

20. The power converter of claim 19, wherein said means 32. The power converter of claim 19, wherein said uni- 
for providing control signals comprises: a slave controller directional current device is a diode. 

having an output for providing said second control signal to 33. The power converter of claim 19, wherein said means 

said second switch and an input for receiving a command for providing control signals comprises: a slave controller 

signal, wherein said slave controller generates said second ^ having an output for providing said first control signal to 

control signal in response to said command signal; and a said first switch and an input for receiving a command 

master controller having a first output for providing said first signal, wherein said slave controller generates said first 

control signal to said first switch and a second output for control signal in response to said command signal; and a 

providing said command signal to said slave controller, said master controller having a first output for providing said 

second output of said master controller coupled to said input 45 second control signal to said second switch and a second 

of said slave controller. output for providing said command signal to said slave 

21. The power converter of claim 19, wherein said trans- controller, said second output of said master controller 
former further includes an auxiliary winding, and further coupled to said input of said slave controller, 
comprising means coupled to said auxiliary winding and 34, The power converter of claim 33, wherein said means 
said means for providing control signals for determining the ^ for providing control signals further comprising: an isolation 
current in said primary winding. means having an input electrically isolated from an output 

22. The power converter of claim 19, wherein said trans- said input coupled to said second output of said master 
former further includes an auxiliary winding, and further controller and said output of said isolation means coupled to 
comprising means coupled to said auxiliary winding and said input of said slave controller, wherein said isolation 
said means for providing control signals for determining the 55 means reflects said input at said output 

current in said secondary winding. 35. The power converter of claim 33, wherein said output 

23. The power converter of claim 19. further comprising: of said slave controller further provides a start-up waveform 
a primary current sensor coupled between said means for for powering up said master controller. 

providing DC input voltage and primary side ground; and 

means coupled to said means for providing control signals * * * * * 



